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PREFACE 

DURING the past ten years FAO has devoted considerable time, energy and expenditure to the 
study of the world's fishery resources and to the problem of how best to exploit and utilize 
them. Its Fisheries Division has promoted a number of useful studies and published their 
results in a series of books. 

The present volume is the outcome of an FAO Conference on "Fish in Nutrition" held in 
Washington in September 1961. This Conference, as the title indicates, had a broader scope than 
any previous one, inasmuch as its theme included the study of human nutrition as well as animal 
nutrition. 

The Conference, which was attended by about three hundred participants from many countries, 
aroused keen interest throughout the world. Seventy papers were submitted by experts from twenty- 
four nations, and the majority of those attending took part in the discussion. I believe that the 
information thus collected is of such value that it should be made available to a wider public. With 
this end in view, the proceedings of the Conference are now being published in the form of this book. 

The Conference, among other things, focused attention on the problems of human nutrition 
the urgency of which has been brought to the fore through the Freedom from Hunger Campaign. A 
large proportion of the world's population suffer from varying degrees of malnutrition. Protein 
deficiency is one of the major causes of malnutrition, and it is obvious that fish, a protein-rich food, 
could be an important factor in reducing the incidence of malnutrition. Yet, the present harvest of 
fish is still below 40 million metric tons, that is, less than one per cent of the total world food pro- 
duction. It would seem then that quantitatively fish plays a negligible part in the world's food supply, 
a situation that lends itself to vast improvement through a more rationalized exploitation of the 
resources of the sea for providing human nutrition. 

It would be appropriate here to recall the message which was sent to the Conference by President 
Kennedy. He said : "A first responsibility of the human race is to see that its members have enough 
to eat. . . . Nutritional problems are not peculiar to countries where food is scarce. Protein mal- 
nutrition is, in fact, a serious disease affecting nearly two-thirds of the world's population. There is, 
therefore, an urgent need for the exploitation of what is probably the major untapped source of food: 
products from seas and inland waters. . . . Your part in the task that lies ahead, like that of other 
dedicated people in commerce, in laboratories, in factories, farms and fishing boats, is to recreate the 
miracle of the loaves and fishes a miracle no less spiritual for being scientific." 

I am glad to have this opportunity of adding my own thanks, and those of FAO, to the many tributes 
already paid to all those who helped to ensure the smooth running and success of the Conference. 
Finally, in commending this book, I must express the hope that its study may soon result in a marked 
increase and improvement in the use of fish and fisheries products in the fight against hunger and 
malnutrition. 

B. R. SEN 
Director-General, 
Food and Agriculture Organization 
of the United Nations 
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INTRODUCTION 

THE FAO Conference on Fish in Nutrition was unique in so far as it brought together for the 
first time on an international platform people working in fisheries, in production as well as 
research, with specialists in nutrition and animal feeding. Its object was to evaluate some of the 
existing knowledge of the rdle of fish in human and animal feeding, and to stimulate further study and 
exploration. 

One such matter which emerged was the possible rdle offish protein concentrates in human nutrition, 
a product which is not only needed now to relieve animal protein shortage in diets, but will become 
more and more necessary in nutrition as population density increases. It may be said that fish protein 
concentrates furnish a way of making directly available to man the richnesses of the multitudinous 
"small fishes" which abound in the ocean but are only slightly used in contrast to the larger and more 
expensive forms of fish which at present mark consumer taste. 

The Nutrition Division and the Animal Production and Health Division of FAO, who are vitally 
concerned with developing a more extended use of food from the sea, collaborated extensively and, 
while it was left to the Fisheries Division to take the lead, the effort and the result must be regarded as 
the outcome of a joint undertaking. 

The Conference was fortunate in having as its Chairman Mr. Donald McKernan, Director of the 
U.S. Bureau of Commercial Fisheries. This Bureau indeed was largely responsible for stimulating the 
interest and active support of the U.S. Government and of other national bodies. Thanks must also 
be expressed to the U.S. National Institutes of Health, whose grants made it possible to bring to 
Washington such an impressive number of distinguished experts. 

Many people shared the work, not only of preparing the original papers, but also of getting these 
into suitable shape for presentation at the Conference. Amongst those who must be especially 
mentioned are A. G. van Veen, Nutrition Division of FAO; J. C. Shaw, Animal Production and 
Health Division; D. G. Snyder, Bureau of Commercial Fisheries, U.S.A., who acted as associated 
editors, assisted by A. D. Ingram-Schirato, and M. R. Khan, Fisheries Division, who prepared the 
index. Other tasks fell to members of our staff: M. Laing, P. McLaughlin, P. Andrews, D. D. Tapiador, 
M. C. de Freitas. The translations were done by P. M. Frances and A. M. Rosfelder. 

Conferences such as this one serve to catalyse action. It is to be hoped that the rate of progress will 
be an increasing one and that steady advances on many fronts will be made to the end that man may 
harvest and put to better use a crop which is, after all, a gift of nature. 

D. B. FINN 

Director* Fisheries Division 

Food and Agriculture Organization 

of the United Nations 
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NOTE FROM THE CHAIRMAN 

*'f I ^HE seas offer a wealth of nutritional resources. They already are a principal source of protein. 

I They can provide many times the current food supply if we but learn how to garner and husband 

-- this self-renewing larder. To meet the vast needs of an expanding population, the bounty of 

the sea must be made more available. Within two decades, our own nation will require over a million 

more tons of seafood than we now harvest. 9 * 

This statement, made by President Kennedy in a message to Congress in March 1961, delineates in 
a few words the theme and objective of the FAO International Conference on Fish in Nutrition, held 
in Washington, D.C., on September 19-27, 1961. 

This Conference was indeed convened to discuss how the living resources of the sea first harvested 
by our fishermen and then processed by our fish plants have contributed in the past and can contribute 
in the future to man's health and welfare. 

In fact, FAO has recently postulated that these marine resources even now produce a larger supply 
than that from cattle and swine on the land. The stark realities of the world population explosion and 
of world hunger cannot be longer ignored. Viewed against this background of hungry multitudes, the 
discussions and presentations covered in this book assume historic importance. Few question the 
estimates of demographers that world population is increasing at a rate never before experienced in 
the history of man. It has been estimated that in A.D. 1600 the population of the earth was 300 to 400 
million people. Two centuries later this figure had doubled and from then on population growth 
accelerated at an ever-increasing rate. By 1900, the population had risen to about 1,500 millions and 
during the last 60 years that figure doubled again. An indication of what is going to happen in the future 
is given by many experts, who forecast that within the next 40 years we will have reached the 6 billion 
mark. 

On the other hand, nutritionists from the Food and Agriculture Organization, the World Health 
Organization, and other international agencies, in assessing the present state of food production in the 
world, estimate that two-thirds of the present world population does not receive an adequate daily diet. 

One child dies of hunger every second of the year; of the 900 million children under IS years of age, 
more than 500 million live and die critically undernourished and the catalogue of associated miseries 
could be continued over many pages, with statistics collected from all the continents. 

Hunger can mean many things to various people. The term commonly describes conditions ranging 
from acute, extreme starvation to the symptoms of "hidden hunger". By and large, however, the 
dietary nutrient most lacking in deficient diets all over the world is good quality protein. 

What is understood by this term "good quality protein" ? 

In man's long and arduous struggle to understand the nature, composition and function of food- 
stuff, he at least learned that Hippocrates was wrong when he said, some thousands of years ago, that 
man required nothing but energy to subsist. We know today that the human body requires a large 
number of different components which it cannot synthesize itself. Among these are certain protein 
components, called essential amino acids, and it is the combined presence and proportions of these in 
foods that determine their value. Only animal proteins contain all the essential amino acids that man 
cannot synthesize himself, and only animal proteins are, without supplementation, considered to be 
"good quality proteins". 
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Good quality proteins are not universally available in sufficient quantities in the form of agricultural 
products. Furthermore, land resources for crops and animal grazing are not inexhaustible; only one- 
fifth of the total available crop land is left unutilized and this, at best, could only supply enough food 
(predominantly vegetable) for presently underfed peoples and this only if the most modern agri- 
cultural methods could be applied world-wide. Even if this could be achieved and great capital 
expenditures and major educational and technological efforts will have to be made in this direction 
there would still be a serious deficit in the supply of animal proteins to supplement adequately the diets 
of today's population, let alone that of tomorrow's additional millions. 

In view of this, it is not surprising that, in their quest for food, scientists and industrialists all over the 
world have again focused their attention upon the seas as a vast potential source of nutrients. 

The high nutritive value of fish protein has been recognized since earliest times, but notable utiliza- 
tion of this food has always been limited to certain areas owing, in part, to the extremely perishable 
nature of fish. 

As the first topic to be considered at this Conference, it seemed logical to review the rdle of fish in 
world nutrition. It seems strange with over three-quarters of our globe covered by the sea, and with 
living matter found not only in the surface film but to some degree at least at all intermediate levels 
even down to the great depths within the ocean, that such a small amount of our present total food 
supply is contributed by the sea. Our present-day harvest of some 40 million metric tons of fish and 
fisheries products provides only a small part of the food consumed in the world today. This figure is 
significant in view of the fact that the current annual food deficit has been estimated to be greater than 
the present total world fish production. 

We considered at this Conference to what extent the sea could contribute to this great need for food 
for the future. We examined the potential productivity of the sea and the practicability of doubling 
or even tripling the harvest of its living resources. We went even one step further and examined briefly 
what means or methods, what research and engineering, are going to be necessary to bring about the 
full use of the living resources of the world's oceans. 

Our second topic at the Conference was to examine the chemical composition of fish and fisheries 
products in order to ascertain their wholesomeness and the desirability of using fish protein to an 
increasing extent in the human diet. We wanted to know to what extent is knowledge available which 
will allow us to assess the nutritional attributes of fish protein, and are there unique qualities in fish 
which can be helpful in overcoming the protein deficiencies in the human diet? 

Experts present at this Conference discussed the present state of knowledge concerning how fish 
should be prepared to provide maximum nutritional benefits. We know there are nutrient losses in the 
preparation and processing of fisheries products. Can we develop specific information on how these 
losses occur and in what directions must we go to maximize, by special processing, the benefits from the 
fish resources harvested? How can we use existing information, and develop new information, to 
provide a maximum amount of the kinds of nutrients which are needed in various national diets? 

The third general topic concerned the contribution of fish and fisheries products in the various 
national diets. It is obvious that we need to assess the present contribution, to determine what limitations 
exist, and what can be done to overcome these limitations to the greater use of fish in nutrition. 

This Conference, as represented by the present book, has attempted, for the first time, to bring before 
the world the various means for increasing not only the harvest of fish but also the number, variety, 
and nutritive value of the products manufactured therefrom, and thus permit fish to assume, on a world- 
wide basis, its rightful rdle in human nutrition. 

The realization of these objectives has taxed the energies of all participants, but 1 believe that the 
set goals have, to a large extent, been reached. This Conference and the concerted, international 
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efforts that it represents can, of necessity, be only a modest beginning. Much remains to be done, for 
the overall task of providing additional food for our world's peoples is urgent and the obligations 
compelling. It is our hope that this book will inspire continued efforts to make the benefits of nutritious 
foods available to all of mankind. 

Great credit is due the FAO for its foresight in having perceived the need for this Conference and for 
the organizational work associated with it as well as to the respective FAO-member nations for their 
enlightened support of its objectives. Congratulations are due also to the many people who have 
contributed so freely and wholeheartedly of their time and effort in order that this valuable reference 
text could be made quickly available to those in need of information on the nutritive value of fish and 
shellfish. 



Chairman^ 
FAO Conference on Fish in Nutrition 
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THE WORLD BIOMASS OF MARINE FISHES 

by 
HERBERT W. GRAHAM and ROBERT L. EDWARDS 

Many people believe that the 300 million cubic miles of salt water in the oceans have a comparably vast potential as a source of 
protein food. Under present ; conditions, however, there is a definite limit to this protein potential, at least in so far as marine fish are concerned. 

The most productive fishing areas are various grounds on Continental Shelves, especially in the northern hemisphere and in areas 
of the oceans where phytoplankton production is relatively high. Many of these areas are probably approaching peak production now. A 
computation of potential world harvest, based on the catch of fish per unit area on representative productive Continental Shelf areas, yields 
an estimated annual harvest potential of 55 million metric tons. 

Using the estimated net primary production in all oceans as another basis for computation, it is estimated that approximately 115 
million metric tons of marine fish are potentially available for harvest annually. However, a large portion of this production is too thinly 
scattered to be economically fished at this time. 

It is shown that a relation exists between fish catch and benthic biomass. Inasmuch as the benthic biomass decreases very rapidly 
with depth, one cannot expect any substantial population of fishes on the bottom beyond the Continental Shelves. 

There appears to be no reason to suggest that, under present conditions and with present fishing techniques, the annual harvest of 
marine fishes can be more than doubled or, at the very most, tripled. It is estimated that a reasonable expectation might be about 60 million 
metric tons annually. 

LA BIOMASSE MONDIALE DES POISSONS MARINS 

Beaucoup de pcrsonnes croient que les 300 millions de milles cubiqucs d'cau salee des oceans rcpresentent un potentiel relativement 
vaste commc source d'aliments protdiques. Sous les conditions actuelles, cependant, il existe une limite dtfinie & ce potentiel proteique, au 
moins en ce qui concernc les poissons marins. 

Les zones de peche les plus productive sont des fonds divers sur les plateaux continentaux, spdcialement dans I'h&nisphere nord et 
dans les regions oceaniques oft fa production de phytoplancton est relativement haute. Un calcul de la recoite potentielle mondiale, baste 
sur la quantite ptehfe par unite de surface sur les zones de production representatives du plateau continental, pcrmct d'estimer & 55 millions 
de tonnes mttriques le potentiel annuel de r6colte. 

En prenant comme autre base d'appreciation la production primaire nette estimee de tous les oceans, on arrive & chiffrer & 115 
millions environ de tonnes la quantite de poisson disponible en puissance pour fttre r6colte chaque annee. Cependant, une large part de cette 
production est trop clairsemee pour tre pcchec d'une maniere economique durant cette periode. 

II est d&nontre' qu'une relation existe entre la capture du poisson et la biomasse benthique. Etant donn que la biomasse benthique 
ddcrott tres rapidemcnt avec la profondcur, on ne peut s f attendre & trouver une population substantielle de poissons sur le fond au deUt des 
plateaux continentaux. 

II semble ainsi qu'U n'y ait pas de raison de penser que, sous les conditions actuelles et avec les prdsentes techniques de ptehe, la 
recoite annuelle de poissons marins puisse dtre plus que doubles, voire triplee. On peut estimcr les possibility raisonnablcs & 60 millions 
environ de tonnes mttriques par an. 

LA BIOMASA MUNDIAL DE LOS PECES MARINOS 

Cree mucha gente que los 300 millones de millas cubicas de agua salada en los oceanos tienen un vasto potencial comparable como 
fuente de alimento proteico. Sin embargo, en las circumstancias actuates hay un limite claro a este potencial, por lo menos en cuanto se 
refiere a los peces marines. 

Las zonas pesqueras mas productivas son varios bancos en las plataformas contincntaks, especialmente en el hemisferio norte, y 
en regiones oceanicas en las que la producci6n de fitoplancton es relativamente elevada. Muchas de estas regiones probablemente se 
aproximan a su producci6n maxima en estos mementos. El compute de la cosecha mundial potencial, basado en la pesca por unidad de 
volumen en puntos representativos productivos de la plataforma continental, da un potencial de pesca anual estimado en 55 millones de 
toneladas mitricas. 

Empleando la produccibn primaria ncta estimada para todos los ocdanos como base del compute, se calcula que hay una disponi- 
bilidad potencial de 115 millones de toneladas metricas de peces para cosecharlos anualmente. Sin embargo, una gran proporci6n de esta 
cantidad no est& lo suficientemente concentrada para pescarla econdmicamente en la actualidad. 

Se sabe que existe una relacibn entre las capturas y la biomasa del bentos. Dado que la biomasa del bentos decrece muy 
rapidamente con la profundidad, no se puede esperar que existan poblaciones substanciaies de peces en el fondo, mas all* de las plataformas 
contincn talcs. 

No parece que existan razones para sugerir que en las condiciones y con las t&nicas de pesca actuales la cosecha anual de peces 
marines se pueda duplicar o, a lo sumo, triplicar. Se estima que una espectativa razonable podria ser alrededor de 60 millones de toneladas 
m&ricas anuales. 



EVERY cubic mile of sea water contains 140 Ib. of 
gold. At this thought you might well ask, what 
kind of a sieve do I need to strain out this valuable 
metal? Granted you had the perfect sieve, it would not 
be practical to remove the gold A little calculation will 
show that to strain one cubic mile of sea water through 
any kind of device would require pumping 50,000 gallons 



of water every second continuously for one year, obviously 
an impractical procedure. 

We are continuously bombarded by press, radio, and 
scientific articles with facts and figures designed to im- 
press us with the vastness of the oceans. The oceans are 
indeed vast, comprising some 300 million cubic miles 
of sea water. However, as N. W. Rakestraw (8) points 
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out, "It is, in reality, scarcely more than a film of 
moisture", when one considers the total amount of 
material in the world. It is, obviously, a matter of 
perspective. 

The total marine fish biomass must also be a figure of 
such size as to stagger the imagination. However, we 
have the required sieves to harvest at least pan of that 
resource. These sieves are in the shape of such tools as 
otter trawls, gill nets, and purse seines. We have one 
further, but very important, factor in our favour. Fishes 
are not randomly distributed, as are the atoms of gold. 
Most of them are, to some degree, concentrated by their 
hydrographic climate, by geography, and by social 
behaviour (1). A significant part of the total resource 
still may be so thinly scattered that it is like the gold, 
not harvestable on any practical basis. We will try to 
present a case here for suggesting, pending totally new 
and as yet unforeseen techniques of fishing and marine 
pisciculture, that there is a limit to the amount offish that 
may be harvested each year; that this maximum quantity 
may be estimated within reasonable limits; and, finally, 
that it is not greatly in excess of what is presently being 
harvested. 

What is being harvested at the present time? Since 
World War II, various fisheries have developed around 
the world that have never before been seriously exploited 
by man. Some of the more recently exploited populations 
include the tuna stocks of the South Atlantic, the 
anchovy of Peru and Chile, the sardine of South Africa, 
and the groundfishes of the Barents Sea. In the last 10 
years landings from the oceans have nearly doubled. All 
of these new fisheries were known to exist as potential 
fisheries long before they were seriously fished by man. 
Few such remain, and continued growth at this rate and 
along these lines cannot be anticipated. According to the 
most recent FAO (1960) statistics (Table I), approxi- 
mately 35 million metric tons of fish and other related 
products, both from fresh and salt water, were landed in 
1959. Of this total, marine fin fishes accounted for about 
28 million metric tons. 



TABLE I 

Present landtags of marine fish in million* of metric tons. 
An estimate based, in part, on FAO statistics for 1959 



Species groups 

Salmon 

Flounders . 

Groundfish 

Clupcoids . 

Tunas 

Jacks and mullets 

Sharks and rays , 

Total fish , 



Millions of 
metric tons 

0-9 
1-2 
6-2 
11-4 
2*7 
4.9 

0-5 

27* 



The clupeoids contribute the largest share, in excess of 
1 1 million metric tons. These fishes are usually taken 
with purse seines, or in traps and weirs. Included in this 



group are the herrings, sardines, menhaden, and ancho- 
vies. It should be noted that some of these species, in 
part or entirely, are not directly used for human food. 
The menhaden, for example, is taken in part for its oil, 
which finds its way into many products other than food- 
stuffs. Sardines and anchovies largely support the fish 
meal industry. 

The next largest contribution is made by the groundfish 
species, and amounts to more than 6 million metric tons. 
These are the species that typically inhabit the great off- 
shore fishing banks, such as the Grand Bank of New- 
foundland, and are fished, for the most part, with otter 
trawls. The most famous of these fishes is, perhaps, the 
Atlantic cod. 

The jacks, mullets, and sea basses, a most hetero- 
geneous group from a taxonomic and fisheries viewpoint, 
are recognized as a single group for the purpose of land- 
ing statistics by the FAO. As such they contribute nearly 
5 million metric tons to the annual landings. 

Tuna landings amount to slightly less than 2*7 million 
metric tons a year, and flounder landings to slightly more 
than 1 million metric tons. 

The important fisheries of the world are, without 
exception, associated either with the Continental Shelf or 
with areas of regular hydrographic disturbance, such as 
upwelling or mixing of great oceanic currents. Quite 
obviously the reason for this goes back to the relative 
success of the plants in these areas. These are the areas 
where, as Sverdrup (10) says, "the oceans plow them- 
selves". 

Over the entire globe there are approximately 6x 10* 
acres of potentially productive Continental Shelf. With- 
out making any special allowances for differential lati- 
tudinal effects, what might we expect eventually to har- 
vest from this area? 

In Tables II and III we have tabulated the results of 
some calculations made on the yearly harvest of demersal 
species (gadids, hakes, flounders, etc.) from the Conti- 



TABLE II 



Demersal and i 



i Continental Shelf of North- 



west Atlantic each year, hi millions of Ib. Data based on an average 
of statistics available for yean 1956 through 1958 



Location 


Demersal 


Pelagic 


Total 


Grand Bank 


. 1,226 


18 


1,244 


Nova Scotia . 


835 


215 


1,050 


Gulf of Maine 


584 


216 


800 


Middle Atlantic . 


146 


1,029 


1,175 





TABLE III 
Catch in Ib./mcre/yew from the Continental Shelf of the 



Location 


iwiwffCM, Ainmov 
Demersal 


Pelagic 


Total 


Grand Bank . 


. 11* 


0*2 


12*0 


Nova Scotia . 


. 10-8 


2-8 


13-6 


Gulf of Maine 


. 12-7 


4-7 


17-4 


Middle Atlantic . 


7-7 


54-2 


61*9 
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Fig. L The Continental Shelf of the North-west Atlantic showing four areas referred to in the text 



nental Shelf of the North-west Atlantic. This area, 
shown in Fig. 1, has been divided into four sub-areas, to 
facilitate using the available fishery statistics. 

The harvest levels of demersal species, from 7-7 to 
12*7 Ib. per acre, are surprisingly similar. The northern- 
most three areas are intensively fished by vessels from 
many countries. While it is not generally believed that 
they are necessarily overfished, neither is it apparent that 
production can be markedly increased. The demersal 
species of the Middle Atlantic are probably not yet fully 
exploited, and accordingly the harvest rate is low com- 
pared with that of the other three areas. The pelagic 
harvest rates, on the other hand, vary extremely, from 
0*2 to 54*2 Ib. per acre. There is an interesting increase 
in harvest of pelagic species southward in this region. 
This is due to the increased abundance of harvcstable 
pelagic species, the menhaden accounting for the increase 
in the Gulf of Maine and Middle Atlantic. 



TABLE IV 
Catch in Ib./acre of various well-known fishing areas. Computations 



by authors based on statistics from several sources 



Location 

North Sea 
Baltic 

Barents Sea 
Iceland Banks 
Adriatict 



Period 

195&-58 
1956-58 
1956-58 
1956-58 
1947-53 



Demersal 

10-0 

4-1 
15-7 
290 

2-5 



Pelagic 

16-6 
3-5 
0-8 
5-3 
2-1 



Total 

26-6 

7-8 

16-5 

34-3 

4*6 



t The Adriatic is generally considered to be overfished. 

Similar harvest figures were* calculated for areas in 
European waters. These are presented in Table IV. 
Although there is more variation in the harvest of 
demersal species from area to area, the values are, on the 
whole, similar to those obtained for the Western Atlantic. 

The fishing banks of the North Atlantic are among the 
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more productive in the world, and have been exploited 
for centuries. Although the harvest has increased a little 
in repent years, we can say that in general the fisheries 
have stabilized, at least for certain species. Although 
management measures will prevent over-exploitation and 
may result in some increase in harvest, we cannot expect 
the harvest of these species from these banks to increase 
by any great percentage. 

For purposes of computing the possible world harvest 
from all Continental Shelves, we can use the values for 
North Atlantic banks. Let us pick 20 Ib. per acre as a 
conservative average figure. On this basis, the total Con- 
tinental Shelf yield would be 120 billion Ib. or 55 million 
metric tons per year. 

To this might be added some poundage of pelagic 
fish taken in areas remote from land. This harvest is not 
expected to be large. Even though some tuna fisheries 
are prosecuted in the equatorial regions of disturbed 
hydrographic conditions, many of the tuna fisheries are 
associated with the Continental Shelf and the yields are 
properly assigned to the figures computed above. 

Thus, we can say on the basis of these calculations that 
we may, at best, possibly double present world harvest 
of marine fishes. This is assuming, of course, that the 
fish on all parts of the Continental Shelf will be as avail- 
able and as economical to harvest as those of the North 
Atlantic banks. 

We can arrive at another estimate of potential world 
harvest of marine fishes by an independent, more 
theoretical technique. This technique, which has been 
used by Kesteven and Holt (4), is based upon our 
knowledge of the primary organic production in the sea 
and its relation to the production of fish usable by man. 
Many assumptions regarding the food chain in the sea 
are involved, but none of these do violence to the beliefs 
of modern ecologists (7). The first of these is that 
herbivores are 20 per cent efficient, and each following 
link in the (carnivore) food chain is approximately 10 
per cent efficient. The second is that the average 
marine fish is a second level carnivore. The third is 
that the net production at each trophic level is fully 
available to each succeeding level. 

For these calculations we begin with an estimate of the 
net primary production of all oceans. Stfemann Nielsen 
(6) has recently summarized the literature on this 
subject, and has estimated the average annual gross 
primary production to be between 55 and 70 gm. C/m 2 , 
and the total net production about 1 -2 to 1 -5 x 10 10 tons 
of carbon. 

Multiplying by 37 [to convert from grams of carbon to 
wet plankton weight: conversion factor from Sverdrup 
et al. (1 1) ], we may obtain the net amount of phyto- 
plankton produced each year: (!-2-l-5xlO lo )x37 
44'5-55'SxlO 1 *. We will use the average value of 
SOxlO 10 . Let us assume that the herbivores (zoo- 
plankton) fully harvest this net production and are 20 
per cent efficient: then (50x 10 10 )xO-20 - lOOxlO" 
tons of herbivores (zooplankton). Primary carnivore 



production at an efficiency of 10 per cent is then 
(10'Ox 10 10 )xO*10 ~ lOOx 10 9 tons of primary carni- 
vores, and (10-0 x 10 9 ) x 0- 10 10<0 x 10 s tons of 
secondary carnivores, marine animals of all descriptions, 
from which man may take his harvest. 

One billion metric tons of secondary carnivores is a 
very big figure, but hardly indicative of what we can 
expect in the way of bony fishes, even under the best of 
circumstances. What then is a reasonable figure? 

We have calculated on the basis of an ideal system. 
Some farm fish ponds have nearly reached the levels of 
efficiency used in the calculations. Odum (7, p. 79) 
states that ". . . it is evident that only in the intensively 
managed German and Oriental fish ponds is a harvest 
even approaching 10 per cent of gross primary production 
obtained." On the other hand, few if any natural situa- 
tions have been found that even remotely approach these 
various levels of production, individually or collectively. 

Evidence that energy is shunted away at various pro- 
duction levels is observed in the bottom deposits of the 
oceans. There are many types of "oozes", composed 
largely of the remains of different kinds of organisms. 
Typical of these are the "diatomacetous" oozes in the 
North Pacific and around the Antarctic Continent, the 
"pteropod" oozes of the Atlantic basins and the wide- 
spread "globigerina" oozes found in all oceans. Other 
evidence of sidetracked production may be seen in various 
fossil deposits, notably the petroleum deposits. 

If we assume that in the marine situation 70 per cent 
of the theoretical energy transfer is actively attained at all 
levels, our estimated annual production of secondary 
carnivores is approximately 343 million metric tons. 
Included in this figure, in addition to the marine fishes 
in which we are principally interested, are many other 
marine animals such as squids, whales, and sharks, which 
we conservatively estimate make up one-third of the 
consuming biomass at this and higher consumer levels. 
All things considered, then, perhaps as much as 230 
million metric tons of marine bony fishes are produced 
on an annual basis. Obviously, however, this quantity 
cannot be harvested annually without jeopardizing the 
resource's ability to renew itself. Properly harvested, it 
is reasonable to suggest that resources of this nature may 
yield 50 per cent by weight, at least, of the net annual 
production. 

We estimate finally, therefore, that perhaps as much as 
115 million metric tons of marine fishes may be available 
for harvest each year. A significant part of this resource 
is thinly scattered, like the gold; but our fishery tech- 
nology will have to be greatly improved before a harvest 
of this magnitude is possible or feasible. 

Clearly lacking from the marine environment as sig- 
nificant entities are the efficient herbivorous fishes, and 
for good reason. Marine plant populations are not 
characterized by their stability; they are subject to violent 
fluctuations in abundance, the well-known plankton 
blooms, the degree of which depends upon the nature 
and source of nutrients. These nutrients are seldom oon- 
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tinuously present, and one or more of them (e.g. iron) 
(5) are frequently in such short supply that production 
rates over a fair proportion of the oceans do not exceed 
those of semi-arid grasslands. 

The distribution of areas of comparable net primary 
productivity is shown in Fig. 2. It is worth noting that 
mid-ocean areas are generally unproductive, while the 
higher latitudes* both north and south, are exceedingly 
productive. The reasons for this have been amply and 
well explained by Sverdrup (10). We are concerned 
With this differential distribution of plant production 
because it qualifies our estimate, given earlier, for the 
practical expectation of harvest from the Continental 
Shelves. Except in certain well-known areas where up- 
welling occurs (as, for example, off the west coast of 
Africa, South, and North America) the Continental 
Shelf areas of the low and mid-latitudes are characterized 
by only moderate levels of primary production. On the 
other hand, most of those areas of shelf characterized 
by high levels of primary production are already heavily 
fished. Accordingly, we feel our first estimate of potential 
groundfish harvest on the Continental Shelf to be, if 
anything, too high. 

With reference to the various harvest rates listed in 
Tables III and IV, we feel that the differences shown are 
probably quite real. Moiseev (in UNESCO, 1955) lists 
the biomass of the benthos in a number of seas. A com- 
parison of these data is possible with three of the areas 
for which we have computed fish harvest rates (Table V). 
Some relationship is strongly implied and, of course, 
gives us greater confidence in our fish yield figures. 



TABLE V 

A comparison of fish yields with amount of benthos 
Location Biomass of benthos 



North Sea 
Baltic Sea . 
Barents Sea 



244 

33 

100 



Ib.jacre fish 
(1956-58) 

26-6 

7-8 

16-5 



The relation between the benthic biomass and catch 
per acre has the broadest of implications. The benthic 
biomass decreases even faster, as one moves offshore, 
than does the plankton of the photic zone. According to 
Zenkevich (UN, 1956), in his discussion of the research 
done in the North-west Pacific area, the benthos decreases 
two to three thousand times in quantity from the littoral 
zone to the central parts of the ocean. In these circum- 
stances, one cannot expect to find any substantial fish 
population on the bottom beyond the Continental Slope. 

To summarize, it seems reasonable to suggest that, 
although man has not yet fully exploited the marine fish 
resources, they are not so vast as some have been led 
to believe. Pending the development of totally new 
fishing gear and feasible marine pisciculture techniques, 



such as control of species composition, management of 
harvest, and fertilization to raise the standing crops, 
considerably less than 60 million metric tons of marine 
fishes are at present available for harvest on an annual 
basis. 

The authors wish to acknowledge the suggestions and 
criticisms of many people, especially Dr. Eugene Odum 
(University of Georgia), Sidney Holt (FAO, Rome), 
Howard Eckles (BCF, Washington, D.C.). 
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WORLD AQUATIC BIOMASS ITS FUTURE ABUNDANCE 

by 
G. L. KESTEVEN 

This paper suggests the following points with regard to the general question, for which it is required to provide an answer: 

(1) Any examination of what biomass there will be in the future must be qualitative; 

(2) The question is an ecological one; 

(3) There is a community biomass as well as a species biomass; 

(4) An estimate of total biomass of the biosphere is of less interest than estimates of the biomass of each of many separate species 
and communities; 

(5) There is less interest in the biomass of a standing crop than in the capacity of a community or species to produce biomass; 

(6) The structure and magnitude, and hence biomass, of a community or of a species population, may vary within a season, seasonally 
and annually, and may exhibit a trend; 

(7) Under natural conditions there may be a trend to increase biomass; 

(8) Man's activities interfere with natural processes; in so far as he acts as predator on, or disturbs, natural systems, he may halt or 
reverse upward trends in them; however, he also has powers to act in a contrary sense. 

The paper then examines man's role and seeks to show that: 

(1) Even as predator, man can regulate his activities so as not to cause irremediable damage; 

(2) The principle of eumetric fishing gives man a way of maximizing the productive capacity of a species population (stock of fish) 
under specified conditions; 

(3) By an extension of the principle of eumetric fishing, man could probably increase community-productive-capacity; and if he 
could extend the range of species of which he could make use, he would have increased yield from the community; 

(4) Man's activities as disturber (causer of erosion, producer of sewage and effluents, builder of dams, etc.) have both deleterious 
and beneficial effects; he has means to maximize the latter, and to minimize or even convert to his advantage the former; 

(5) Man can intervene in natural systems to determine their structure and size and the pace of their processes, even in the sea; per- 
haps the most direct approach would be by a deepening of the application of eumetric fishing. 

This review leads to the logical conclusion that the biomass of the future is likely to be as much more or less than it is now, as 
man makes it to be. 

LA B1OMASSE AQUATIQUE MONDIALE: SON ABONDANCE FUTURE 

Get article propose les points suivants concernant le probleme general: 

(1) LTexamen de cc que sera la biomasse dans le futur doit dtre qualitatif; 

(2) Cc probleme est un problcme ecologique; 

(3) 11 y a une biomasse de communautes comme une biomasse d'especes; 

(4) L'estimation de la biomasse totale de la biosphere est d'un interfit infereur a I'estimation de la biomasse de chacune de nom- 
breuses especes et communautes separecs; 

(5) La biomasse d'une recolte constante est d'un intertt infereur a celle de la capacit d'une communaut ou d'une espece a produirc 
une biomasse; 

(6) La structure et I'lmportance, et, ainsi, la biomasse d'une communaute ou d'une population de m&me espece, peuvent varier au 
cours d'une mme saison, saisonniercment et annuellement, et peuvent presenter une tendance generate dans leur evolution; 

(7) Sous les conditions naturelles, il peut exister une tendance de la biomasse a 1'augmentation ; 

(8) Les activites de 1'homme intcrftrent avec les processus naturels; dans la mesure ou il agit comme predateur ou comme perturbateur 
des systemes naturels, il peut arr&ter ou renverser completement leurs tendances; cependant, il a 6galcment les pouvoirs d'agir 
en sens contraire. 

Cet article examine le role de rhomme et cherche a montrer que: 

(1) Mftme comme predateur, 1'homme peut regler ses actiyites de facon a ne pas faire de dommages inseparables; 

(2) Le principe de la p6che rationnelle selective ("eumetric fishing") donne a rhomme le moyen de rendre maximum la capacity 
de production d'une population de mme cspccc (stock de poisson) sous des conditions precises; 

(3) En etendant le principe de la p&che rationnelle selective, 1'homme pourrait probablement accrottrc la capacit de production des 
communautes; et s'il pouvait accroltre les varietes des cspeccs qu'il utilise, il pourrait augmenter la production de la communautd; 

(4) Les activates de 1'homme comme perturbateur (provoquant des Erosions, produisant des caux dugouts et des effluents, con- 
struisant des barrages, etc.) ont a la fois des effets nocifs et des effets bencfiques; il a les moyens d'accrottre les seconds et de 
reduire les premiers, voire de les transformer a son avantage; 

(5) L'homme peut intervenir dans les systemes naturels pour determiner leur structure ainsi que la grandeur et 1'allure de leurs 
Evolutions, rntme en mer; il est possible que 1'approche la plus directc de ce probleme soit dans 1'approfondissement des 
applications de la peche rationnelle selective. 

Get examen conduit a dire que la seule conclusion logique est que la biomasse future sera vraisemblablcmcnt ce que 1'homme la 
fera devenir, plus grande ou moindre qu'elle ne 1'est aujourd'hui. 

LA BIOMASA ACUATICA MUNDIAL: SU ABUNDANCIA FUTUR A 

Esta communicacidn propone los puntos siguientes concernientes al problema general: 

(1) Cualquier examen de la biomasa que exista en el futuro tendii que ser cualitativo; 

(2) El problema es ecol6gico; 

(3) Exfete una biomasa de comunidades y uita biomasa de especies; 
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(4) LA*stimti6n de la biomasa total de la biosfcra ticne menos inures quo la dc la biomasa de cada una de las muchas espeties y 
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(6) La estractura c importance y, de aquf, la biomasa de vma comunidad o de una poblacion de una capecie, puede variar dentro 
de laestaddn, estacional y anualmente, y puede presentar una tendenda general de su evoluci6n; 

(7) En condiciones naturales, puede existir una tendenda de la biomasa al aumento; 

(8) Las actividadcs del hombre interfieren con los prooesos naturales ; en la medida en que actua como predador o como perturbador 
de los sistemas naturales, puede detcner o alterar BUS tendendas asoendentes ; sin embargo, tambien es capaz de actuar en sentido 
contrario. 

El articulo pasa a examinar el papel del hombre y trata de demostrar que: 

(1) Induso como predador puede regular sus actividades para no causar dafios irreparables; 

(2) El principio de la pesca eumetrica ofrece al hombre un medio de haoer maxima la capacidad de produccion de una poblacidn 
de la misma especte en condiciones predsas; 

(3) For extension del principio de la pesca eumetrica, es probable que el hombre pudiera incrementar la capaddad productiva de las 
comunidades; y si pudiera acreoentar las variedades de peces de las que podria hacer uso, aumentaria el rendimiento de la 
comunidad; 

(4) Las actividades del hombre como perturbador (causante de erosiones, productor de aguas de alcantarilla y efluentes, constructor 
de presas, etc.), tiencn a la vez efectos nodvos y beneficos; dispone de los medios de acreoentar los liltimos y de reducir al minimo 
o, induso, aprovechar los primeros. 

(5) El hombre puede intervenir en los sistemas naturales para determinar su estructura y magnitud, asi como sus evoluciones incluso 
en d mar; probablemente d enfoque mas director consistiria en ampliar las aplicadones de la pesca eumetrica. 

De este estudio se deduce que la unica conclusion 16gica es que la biomasa del future serf probablemente mucho mayor o mucho 
menor de lo que es actualmente, segun como la haga el hombre. 



IN discussions of the future of food supplies, where 
the contribution to be got from the world's waters is 
in question, it is common to begin with speculations 
about activities that may be labelled "farming the seas". 
Unfortunately, such discussions, besides bypassing a 
number of serious problems concerning most effective 
use of available resources in their present condition, tend 
to concentrate on the technological problems of giving 
effect to highly imaginative proposals formulated by 
analogy with agricultural or other operations. The 
magnitude of the biomass of aquatic resources of the 
future will be determined by processes preserving it at its 
present level or causing it to change from that level. To 
seek some conclusions on this matter, we must have 
some idea of what natural and man-initiated processes 
might cause such change. Talk of increasing the biomass 
by "fish-farming" suggests that man's intervention in 
these natural systems could outweigh other causes. 
Effective action to intervene in natural systems might be 
lit upon by accident, but can be rationally determined 
only from a deep understanding of the system to be 
changed. The principal theme of this paper then must be : 
to forecast the biomass of tomorrow, we must know the 
biosphere of today. 

At this time an enquiry into what is likely to be the 
magnitude of the world's aquatic biomass in the future 
must be, of necessity, essentially qualitative in nature. 

To predict the value which a characteristic of a pro- 
ductive system will have at some time in the future, one 
must be in possession of certain minimal information 
relating to the structure and dynamics of the system. 
In particular, one must have information on the "be- 
haviour of the selected characteristic. Despite the 
great advances of aquatic biology in recent years, we 
have to admit that there is scarcely a single integral system 
(community or ecosystem) of which we know so much 
that we could claim with confidence to be able to predict 



its behaviour for anything more than a very limited 
space of time. Recognizing also that we as yet have no 
inventory of the aquatic biosphere (all living organisms 
of the world's waters) in terms either of species-popula- 
tions, or of communities or ecosystems, we must accept 
that we cannot predict the shape or magnitude that the 
biosphere will have some years hence. This is not to 
suggest that an estimate cannot as yet be made of the 
biomass existing at present; it simply asserts that we 
cannot forecast quantitatively the changes likely to take 
place in the biosphere. This view is expressed primarily 
with a thought to changes taking place naturally in the 
biosphere. How much more difficult is the problem if 
we wish to consider also the changes brought about by 
human activities! To indicate that human action is 
causing certain changes, or that human action could 
bring about certain other changes, is one thing; but to 
say whether the first action will continue, or whether 
the other action will be taken (or when it might be taken) 
is an entirely different matter. 

The most, then, that we can hope to do is to try to 
form an idea whether the biosphere is showing any indi- 
cation of a trend to change under compulsion of natural 
or human forces, and of whether such trend (if, in fact, 
it exists) is toward increase or decrease. We may also 
try to form an idea of whether there might be courses 
of action by which man could reverse a trend to decrease, 
or, on the other hand, could accelerate, or otherwise 
improve, a trend to increase. To make an essay of this 
kind, it is necessary to recapitulate some basic principles 
of the dynamics of biological systems and, in particular, 
of aquatic biological systems. This is because the whole 
question is a matter for ecological enquiry. Indeed, the 
question would best be approached by careful study of 
some ecological work such as the impressive mono- 
graphic text Principles of Animal Ecology, by Allee, 
Emerson, Park, Park and Schmidt (1). 
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SOME BASIC ECOLOGICAL CONCEPTS 

The term "biomass" is taken to mean "a quantity of 
living material"; one can consider the biomass of the 
population of a species as a "species biomass*', or the 
biomass of the several species of a community as a 
"community biomass' 9 . It is relatively unimportant 
here that the amount of this material may be expressed 
as a weight or a volume, or that the material may be 
measured as dried weight or carbon equivalent or in 
other terms. In contrast a distinction must be seen 
between "biomass" and "resource", since the latter 
comprehends both the living organisms whose biomass 
may be measured, and the stores of materials and energy 
on which these organisms draw for their living processes 
and to which they return in due course. The importance 
of this distinction lies, for this discussion, in the fact that 
we must keep in mind that a primary determinant of 
the magnitude of any biological system is the quantity 
of nutrient materials available to its plant-life. However, 
the term "resource" is essentially an economic one, of 
which the meaning in plain words is "natural materials 
on which man can draw". For the purposes of this dis- 
cussion, and to emphasize the ecological basis to the 
problems of examining changes in biomass, it is necessary 
to employ the counterpart ecological term, namely, 
"ecosystem". "Ecosystem" may be defined as "a com- 
munity of organisms with their habitat, thus com- 
prising living and non-living components that interact 
to varying degrees". Spatially, an ecosystem is approxi- 
mately congruent with the community that constitutes 
its biological part. The essence of the term lies in its 
emphasis on the integration of living and non-living 
components and on the fact that such an integrated 
complex constitutes a system in which various processes 
take place; the connotation of this term is of deeper 
significance than that of the term "community" which, 
of its nature, is directed to the biological elements alone, 
regarding non-biological elements as outside the com- 
munity per se. Discussion of ecosystems is more meaning- 
ful in the present context, in so far as we shall need to 
consider the changes that might be induced in natural 
systems; and very often a marked effect in the com- 
munity can be produced most easily by action directed 
against the non-biological elements. It may be well to 
note here that basically the present discussion considers 
total biomass without regard to the economic use that 
might be made of it; the question of selective exploita- 
tion or cultivation of preferred species of organisms is 
treated as a consequential aspect of the problem. 

The patterns of comnmnittet 

The living organisms of the world are referred to as its 
biosphere; obviously the biosphere cannot be a homo- 
geneous mass of living matter it is instead a complex 
pattern of communities, each of which is a complex 
assemblage of populations of species. It is important to 
bear in mind, for the purposes of this discussion (if not 



for other reasons), that the biosphere cannot usefully be 
treated as an unorganized assemblage of populations of 
species intermingling haphazardly; on the contrary, the 
species-populations are distributed systematically accord- 
ing to constraints imposed upon the existence of each 
species; the characteristics of the species and the nature 
of the factors of the environment are such that the effect 
of the constraints is to produce the pattern of communi- 
ties. Although some authorities would regard marine 
biota as a single community, there is in fact a complex 
pattern of communities, especially of the benthos, but 
also of the pelagial. The latter is represented by the 
appended diagram of marine biogeographic areas (Fig. 1). 
A similar map for the continents would represent the 
diversity of freshwater biota. 

The changes of communities 

But these patterns (of communities within the biosphere 
and of species within communities) are not fixed; on the 
contrary, they are constantly changing. The population 
of each biological component of an ecosystem changes 
its structure and its magnitude seasonally, annually, and 
over extended periods ; at the same time each supply-com- 
ponoflt<nutrient materials, oxygen, carbon dioxide, light 
energy) is subject to similar changes, and the intensity 
of each determinant factor (e.g. temperature and pH), 
which influences the life processes of the organisms and 
the use they make of materials, changes in similar ways. 
Of the changes of these sets, those of the determinant 
factors may be treated as independent of the changes of 
the other two. Changes in supply components are to 
varying degrees dependent on those of the biological 
populations; changes of biological populations are very 
largely dependent on those of supply components and 
of determinant factors. 

Since biological populations interact, the pattern of 
them within a community is in constant flux, with 
changes that may be relatively small or relatively great; 
a task for this discussion is to examine the amplitude, 
period and direction of such changes. Similarly, the 
pattern of communities constituting the biosphere is in 
constant flux. 

In order to understand the nature of major changes of 
biomass which take place in communities and in the 
biosphere as a whole, we must have a fairly clear under- 
standing of the minor changes taking place in organisms 
and in populations of species, of which the major changes 
are the sum total. Thus, the cycle that each organism 
goes through, from single cell through embryonic and 
juvenile stages to maturity and senility and to its final 
dissolution after death, establishes a basic rhythm 
dominating all population processes. In the course of 
this cycle, but especially after reaching maturity, most 
organisms go through changes within each year (or 
reproductive period) as they pass through reproductive 
stages and possibly through distinct nutritional phases. 
In a steady-state condition a species-population achieves 
a characteristic structure with regard to the proportions 
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of its sexes, the proportions of immature and mature 
organisms, and the proportions of the several age 
groups. In each year, the biomass of such a population 
may fluctuate from one season to another as a conse- 




Fig. 2. Interrelation of the seasonal cycle in abundance of diatoms, 

light intensity, phosphates, and nitrates in the open North Atlantic. 

(From Park, Alice, and Shelford, after Russell and Yonge.) Allee 

et a\. (1949) 

quence of reproduction, or of normal changes in food 
supply and feeding, and of similar processes (Fig. 2). 
Some populations are relatively unstable in consequence 
of precarious relations with other biological com- 
ponents, or of the uncertainty of supply components or 
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determinant factors; in such cases there may be re- 
pression, or expansion, of the whole population, or in 
some cases these eflects niay appear selectively in par- 
ticular groups, for in aquatic systems the fluctuations 
are often in the strength of the brood of young, so that 
dominant year-classes march through the age tables, 
as in the classical example furnished by Hjort with regard 
to herring (Fig. 3). Even in these less stable conditions, 
a population has an average level which is maintained 
over a relatively long series of years; that is to say, the 
average abundance of such a population can be ascer- 
tained therein only after many years of study, whereas in 
steadier populations the average can be ascertained after 
relatively few years. 

In these situations the role of parasitism and of preda- 
tion is of considerable importance. Even here, however, 
we again find that, despite the amplitude of the fluctua- 
tions that may be enforced by the interaction of prey and 
predator, and of host and parasite, neither population 
of each pair can be driven to extinction by the action or 
change of the other. Thus we see that basically the pro- 
cesses of natural populations, whilst producing changes 
in the abundance of each species, and in its biomass, 
maintain these populations at characteristic average 
levels. 

However, major changes also take place that shift the 
average level of populations permanently, in some cases 
reducing the level to extinction, in other cases raising the 
population-abundance to a substantially higher level. 
Some of these changes are those known as serai succes- 
sion, where one community is replaced by another, which 
in turn is replaced, and so on, until what is known as a 
climax-community becomes established. Such serai 
successions are familiar features of inland waters, 
estuaries and deltaic areas. In the open ocean the 
successional phenomena of coral reef islands afford a 
remarkable example of such sequences. Similar long- 
term changes presumably occur in pelagic, mid-water and 
benthic communities; but presumably they are associated 
with major climatic changes, such as those accompanying 
changes in the ice-cap. However, as discussed later, 
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Fig. 3. A Predominant Year-class. Percentage age composition of 

Norwegian herring in successive years of observation. (After Hjort, 

1926.) Michael Graham (1956) 



TIME SCALE 

Fig. 4. Stylized representation of the various phases of population 
growth form. Allee et al. (1949) 
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Fig. 5. Schematic representation of Cause's "characteristics of 
competition" exhibited by a population of paramecia growing 
logistically. In the text Cause's "'degree of realization of the potential 
increase" is referred to as "unutilized opportunity for growth", and 
his "environmental resistance" as "utilized opportunity for growth". 
(From Cause.) Allee et al. (1949) 



certain trends of this kind are produced by the activities 
of man. 

Thus we see that populations, and communities, 
undergo changes that are of two kinds, those of oscilla- 
tion and fluctuation about an average level and those of 
trend toward a new level. Both kinds of change must be 
considered in this examination of the prospects as to 
future biomass; for while the importance of trends is 
obvious, the oscillations and fluctuations, although less 
obvious, are possibly of greater importance in that they 
are more numerous and more deeply significant of the 
fundamental characteristics of the populations exhibiting 
them. This will be better seen after examination of 
Fig. 4 from Allee, Emerson, Park, Park and Schmidt (1), 
which represents the growth of a population up to the 
level where, although oscillating and fluctuating about 
an equilibrium value, the species exploits the possibilities 
of the habitat to the maximum of which its characteris- 
tics are capable. The sigmoid left-hand part of the curve 
is a typical growth curve, whose principal determinants 
are represented by Fig. 5 from Cause. Under relatively 
stable conditions, the population continues indefinitely at 
its equilibrium level, but a major unfavourable change 
will cause it to decline as represented by the right-hand 
side of Fig. 4. Under some circumstances (e.g. human 
exploitation) the population slides back down the left- 
hand slope to a lower level, at which it stabilizes itself 
(as represented in Fig. 6, from Ricker) (7). In contrast 
with such falls to lower levels, we must note that expan- 



40% 
50% 
30% 



01 




9 10 M 12 13 14 IS 



GENERATIONS 



Fig. 6. Catches obtained from a stock whose reproduction is described by Curve A, conforming to the relationship Z - We < l ~ *), *>/f/i a 
equal to 1-0. Solid dots: catches obtained when the rate of exploitation has successive absolute increases of 10 per cent per generation, start- 
ing with a stock at the replacement level. Open circles: catches obtained when the rate of exploitation remains constant at the levels shown, 
starting from the position described by the solid dot to which it Is joined. The maximum sustained yield to obtained at 43 per cent, and is very 

slightly higher than the equilibrium level shown for 40 per cent. Ricker (1958) 
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sion of the habitat, or relaxation of some repressive 
factor, may permit the population to move from one 
equilibrium up to another. These phenomena of increase, 
stabilization and decrease result from the interplay of 
many factors (as represented in Fig. 7). 



rtty 

We have now to examine some ideas on the relative 
productive efficiency of populations and communities 
in the different states referred to in the previous para- 
graphs. Here we must return to the concept of eco- 
systems. Since all organic production is the result of the 
operation of two key industries bacterial reorganization 
of inorganic and organic compounds, and photo- 
synthetic activity of plants a primary determinant of 
the magnitude of a system is the nature and magnitude 
of the supply of nutrients. This, however, is only one of 
the determinants: the influence of physical factors on the 
use of raw materials made by the key operatives (bacteria 
and plants), and indeed the efficiency of the operatives 
in using their raw materials under the conditions in 
which they exist, are of similar rank. On this point, 
Alice et al. have made some observations. They make 
the following generalization with regard to the primary 
producers "a large part of the planet's surface is 
covered with a relatively thin, taxonomicaJly complex, 
structurally discontinuous layer of photosynthesizing 
protoplasm engaged in the common ecological response 
of organisms and communities to the physical environ- 
ment, in the synthesis of carbohydrates". They point 
out that this generalization, with the few exceptions to it, 
raises the question of the efficiency of this photosynthesis. 
They go on to discuss some evidence showing that for 
typical north temperate communities the photosynthetic 
production of a deciduous forest (in terms of pounds of 
glucose per day, and growing season, per acre) was 
25 per cent greater than that of a tall grass prairie, and 
124 per cent greater than that of a lake. They then 
remark: "This extends the argument previously advanced 
that the higher development of stratification in forests is 
probably partially the cause of this higher productivity. 
This argument suggests that stratification of structure 
and photosynthetic productivity are expressions of the 
developing complexity of the community, making more 
space available, and increasing the amounts of carbo- 
hydrates and proteins." This increase in the utilization 
of the space lattice is accompanied by increasing utiliza- 
tion of time from the point of view of overlapping 
periodicities. 

This then raises the question of whether under natural 
conditions there would not be, in the plant segment of the 
biosphere, a general trend toward fullest use of available 
space and most efficient use of available energy and 
materials. If a climax-plant-community exceeds in pro- 
ductivity all its preceding serai stages, is there (except 
for man's intervention) a progression toward maximum 
productivity? 

When we turn to the succeeding links of food chains, 



to the herbivores and carnivores, we are confronted, for 
the purposes of this discussion, with a parallel set of 
questions. It would perhaps be meaningless to speculate 
whether the biomass of a completely plant biosphere 
would be greater than that of one including animals; 
such a speculation would imply a thought to persuade 
all humans to adopt vegetarianism, and to attempt to 
eliminate all animals that competed for vegetables which 
man could eat. Obviously, despite the wastages that 
occur in the course of transformation of plant proto- 
plasm into animal protoplasm, our speculations cannot 
imply their elimination. In any case, the variety of 
materials offered by the natural biosphere is attractive 
to man; and this implies that what we are interested in 
is not a total biomass as such, but the total biomass of 
each of many different species. Nevertheless, there is 
much room for research into the efficiency of different 
meshes of food webs, and into the possibility of replacing 
inefficient meshes. In addition, we may consider the 
differences of efficiency of like communities in dissimilar 
situations, and again whether replacements might not 
be made. Finally, we may consider whether all natural 
communities are fully developed and organized. For 
instance, unoccupied niches are known to occur in 
nature. 

To summarize, the biosphere, in addition to manifest- 
ing periodic oscillations, and aperiodic fluctuations, need 
not be regarded as being perfectly, fully, and finally 
organized; there is evidence that a trend to fuller occu- 
pation of available space and more efficient use of avail- 
able energy and material is characteristic of some 
biological systems. At the same time, reduction is 
taking place in other systems; for example, the aquatic 
system of a lake which is becoming filled is steadily 
diminishing, and although the substitute (i.e. terrestrial) 
system might be more productive, the aquatic type of 
production is obviously reduced. Without a full inven- 
tory one cannot say whether the total world sum of 
biomass ecosystems, of which some are expanding, some 
are in a state of equilibrium, and some are contracting, 
is increasing, remaining steady, or diminishing. We must 
then consider whether man, whose activities can initiate 
a moVe away from a steady state, or the reversal or 
acceleration of an expanding or contracting state, might 
bring about significant increase in the total biomass. 
Finally we must try to form some idea of whether, 
supposing that man can exercise a significant influence, 
he will in practice be able to make significantly greater 
quantities of useful materials available for exploitation. 

THE NATURE OF HUMAN INTERVENTION IN 
NATURAL AQUATIC SYSTEMS 

Man's rdle in these systems is threefold: 

(1) as predator; 

(2) as disturber; 

(3) as modifier. 

These terms arc used to give a simple indication of the 
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nature of the human action; the discussion that has gone 
before has been necessary for a proper appreciation of 
these rdles and for the attempt to assess how human 
activity may influence biomass in the future. 

As predator, man's rdle is essentially similar to that 
of natural predators. As disturber, his agricultural, 
engineering, industrial and other activities destroy habi- 
tats, disrupt communities, and in these and other ways 
modify the structure and dynamics of ecosystems. As 
modifier, man deliberately changes the structure and/or 
size of ecosystems, or even (as with ponds) creates eco- 
systems, so that they should produce materials of kinds 
he wants. 

Man as predator: Removal activities 

When fishing begins on a particular stock of fish, the 
immediate result must be a reduction of the population, 
in numbers and biomass. The reduction is not equal to 
the catch, since part of what is caught would have died 
from natural causes. The reduction of community bio- 
mass may be even less than catch-minus-some-propor- 
tion-of-it that would have gone to natural mortality, 
since removal of the catch means presumably greater 
survival of the organisms on which the caught fish had 
fed, except that the surviving members of the exploited 
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population may each eat slightly more and take up the 
spare food left by those that have been caught. But then, 
by eating more, the surviving fish could grow more, and 
further offset the removal by the catch. Again, if the 
fishing removes older fish, the growing potential and 
efficiency of food utilization of the population can 
increase. However, continuation of fishing, especially if 
effort should be intensified and the catch increased, would 
then outpace the benefit from these effects, so that the 
biomass of the population would become substantially 
reduced. What then becomes of the food-species on 
which the exploited populations feed? Obviously they 
do not expand their populations indefinitely. Other 
components that also feed on these species expand to 
hold the food-species in check; nutritional and other 
limits of the habitat co-operate in restraining the food 
species. Removal of predators can lead to a prey species 
damaging its own situation, as demonstrated by the 
instance of deer populations on the Kaibal plateau, 
Arizona (cited by Alice et al.\ see Fig. 8). The literature 
also contains reports of instances of accelerated growth- 
rate in a residual population, and of successional pheno- 
mena (a species population expanding to replace one 
that has been reduced), after growth of a fishery. Thus 
natural communities possess control mechanisms that, 
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Fig. & The effect of removal of predators on populations of deer on the Kaibab plateau in Arizona (727,000 acres). Six hundred pumas were 

removed in 1907-17, 74 in 1918-23, and 142 in 1924-39. Eleven wolves were removed in 1907-23 and were exterminated by 1926. Three 

thousand coyotes were removed In 1907-23 and 4,388 in 1923-39. (Redrawn from Leopold.) Allee et al. (1949) 
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within certain limits of supply components and deter- 
minant factors, can buffer certain effects. 

The theory of fishing, as developed by Beverton and 
Holt and others, has shown that the fishing of a species 
population can be regulated in such a way as to draw 
from the population a sustained yield at any of a number 
of different levels. Regulation of the characteristics of the 
fishing operations (intensity of effort, and selectivity, 
being the most important) in conformity with charac- 
teristics of the population, notably its growth and re- 
productive characteristics, can establish an equilibrium 
between growth, recruitment, natural mortality and 
fishing mortality, that will bring the population to maxi- 
mum expression of its productive potential within the 
context of natural and human factors. Essentially, this 
means control of the total mortality to which the popula- 
tion is subject; whereas, as shown earlier, systems of this 
kind comprise many more factors, so that interference 
with one of them may produce repercussions through a 
lengthy chain of relations. The application of the 
principle of eumetric fishing could presumably be 
extended through the ecosystem so as also to influence, 
in appropriate sense and intensity, components and 
factors other than a fished population. Further examina- 
tion of this idea might well be deferred to the section on 
man as modifier; but at this point we must examine 
further the question of whether man's predatory activities 
are significantly changing the world's aquatic biomass, 
and in particular whether these activities are reducing the 
biomass of economically valuable species. 

Although the arguments above indicate that it may be 
the case that fishing does not reduce total biomass, it is 
undoubtedly true that fishing can deplete a natural 
population, whose biomass in consequence will be well 
below its natural level. This has already happened for a 
number of species; for example, the biomass of Antarctic 
blue whales is certainly far smaller now than it was, say, 
in the early 1940s. If, however, all fishing were eumetric 
and took from each population only its surplus pro- 
duction, there would be no reduction of biomass. Even 
if economic and other considerations called for, from 
each species, a catch composition which involved 
removal of more than the surplus production of the 
natural population, the biomass of the population at 
stabilized exploitation would not necessarily be greatly 
reduced. In fact, the effect of eumetric fishing should be 
to maximize to productive capacity of the population. 
At the same time, as argued above, changes take place 
in the system from which the catch is taken, and these 
tend to offset (in terms of community biomass) the re- 
movals by fishing. It seems a logical deduction that, 
if fishing mortality were distributed throughout a com- 
munity in such a way as to bear on each biological com- 
ponent in proportion to its biotic significance in the 
community, there could be a maximization of the com- 
munity productive capacity. At this point we may refer 
to Michael Graham's illustration of a lawn, to dis- 
tinguish between standing crop and productive capacity: 



a rank overgrown lawn may have, at one instant, a 
greater mass of vegetable matter per square yard than a 
neat mowed lawn, but the total amount of grass taken 
from the latter in a year may be far greater (and certainly 
much more palatable) than the amount of grass that 
could be cut from the overgrown lawn at the end of the 
year. This gives us another principle to bear in mind; 
it is not a standing crop biomass in which we are in- 
terested, so much as the capacity to produce biomass. 

Despite such optimistic views of what could be done 
with fishery resources, the present condition of many 
fisheries, and trends generally observable, do not support 
such optimism. Fish stocks in various parts of the world 
have been reduced severely; and the trend observable 
everywhere, to increase the efficiency of fish searching 
and catching, and to increase the quantity of equipment 
so as greatly to increase fishing effort, makes it likely that 
the number of reduced stocks will be increased. Let it be 
clear at this point that reduction in itself is by no means 
objectionable; on the contrary, it is a necessary con- 
comitant of exploitation : what is objectionable is reduc- 
tion of a degree to cause a stock to be unable to use its 
ecological situation as well as it might and, hence, to 
yield less than it could. 

Recent developments in the International Whaling 
Commission are significant in this regard. It is already 
an established pattern to regulate whaling by setting a 
limit to the catch, by specifying when and where whaling 
can be conducted, and by prohibiting capture of whales 
below certain sizes, or in certain conditions. In 1960, the 
Commission initiated action to obtain an assessment of 
Antarctic whale stocks by modem methods of popula- 
tion analysis, and has made a half-commitment to regulate 
whaling operations in conformity with the results of the 
assessment. At the same time, the countries that carry 
out pelagic whaling in the Antarctic have been negotiating 
a system of quotas, as percentages of the total allowable 
catch. These several measures, if given effect, will add up 
to a scheme of fishery management to give rational 
utilization of these stocks. They will ensure that the 
catch will be of a size and composition such as the stocks 
can sustain, and will reduce the risk that the plan may be 
frustrated by competition between whaling fleets. 
Although this would be an admirable result, it perhaps 
will not go far enough; we do not yet know what is 
happening in the rest of the community of which the 
whales are part we do not know whether there are 
effects elsewhere in these systems about which some- 
thing should be done, either in the sense of repair, or of 
drawing benefits being offered. 

Man as disturbs: PoOottoa a*d related activities 

Under this heading we consider human activities: first 
those which cause a change in the character and quantity 
of materials carried into aquatic systems, either by run- 
off or by any other means, and secondly those which 
involve the use of explosives and construction of dams, 
which physically may cause changes in natural systems. 
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It is to be emphasized that we are considering here none 
of the activities to which the ascription "cultivation" 
may apply. 

Through geological periods, the principal direction of 
movement of materials as between land and water has 
been from land to water; only at times of major tectonic 
movement, when land masses have been lifted from the 
sea floor, has there been any return from water to land. 
The activities of man over the past few millennia have, 
if anything, increased the transport in the direction from 
land to water, and the transport of material from water 
to land by fishing must, even at its present level, be a 
relatively minor element in this sequence of events. In 
the past century there has been a vast increase in the 
transport of materials from land to water as a conse- 
quence of human activities. A tremendous increase in 
the silt load carried by rivers has followed from the 
erosion caused by agriculture, de-forestation, and 
similar activities. In addition, the tremendous increase 
in population has led to vast increase in the quantities of 
sewage and effluents carried into natural water systems. 
A considerable proportion of this load of silt, sewage 
and effluents is of potential value to natural aquatic 
systems; and although much of it is lost into the great 
stores of silt and ooze in abyssal regions, nevertheless, in 
the balance sheet of nutrient materials, the primary 
productive systems of the waters of the world can pre- 
sumably be sustained at steadily increasing levels. 

In contrary sense, some of the effluent materials are of 
destructive nature, sometimes leading to a complete 
extermination of entire ecosystems. The effect of this, 
of course, counteracts the trend to biomass increase that 
might be expected to follow from other run-off processes. 

Dill and Kesteven (3) summarized the effects on 
aquatic organisms in inland waters of water and land-use 
practices. Such practices may affect: 

(1) Reproduction and recruitment, by 

(a) denying access to spawning ground, 
(ft) destroying spawning sites, 

(c) causing high mortality among juvenile stages, 

(d) in more subtle ways, affecting reproductive 
potential. 

(2) Growth, by 

(a) reducing food supply, 

(b) denying access to feeding ground, 

(c) expanding the habitat and/or increasing the 
biota, 

(d) inducing deep physiological effects, 

(3) Mortality, by 

(a) increasing it as a consequence of changes in the 
hydrological regime, 

(b) causing physical damage to individual fish, 

(c) causing an increase in predation and com- 
petition. 

(4) The composition and structure of the biota. 

Dill and Kesteven then go on to discuss the ways in 
which deleterious effects may be minimized, and how in 



many cases the opportunity given by the changed con- 
ditions may be seized to bring about an increase and 
improvement of the biota. The latter measures fall 
within the scope of the activities of man as modifier, 
discussed below; but if one were to attempt to strike a 
balance, putting on one side the losses caused by these 
activities (allowing for some repair work), and putting 
on the other side the gains made by using new or changed 
bodies of water in new ways, it would be difficult to say 
where the greater weight would lie at present. 

Although the use of explosives must mean the destruc- 
tion of some aquatic life, it is probable that these effects 
are strictly localized and in most cases transient. 

Man as modifier: Positive intervention 

To repeat something said earlier, the magnitude of any 
biological system is basically determined by the level of 
nutrient supply available to the primary producers, and 
the quality and intensity of illumination. Consequently, 
it would seem that anything that man could do to increase 
the average level of nutrient supply at any particular 
situation, and to increase the intensity and improve the 
quality of illumination, would establish conditions suit- 
able for tbe enlargement of systems and acceleration of 
their processes. 

In inland water, especially in enclosed bodies of water, 
the application of such measures is already of proven 
practicability. Efficient fish fanners normally employ 
methods whose objective is to increase the average level 
of nutrient supply. This is done in some cases by drain- 
ing and cultivating the bottom of ponds. In other cases 
it is effected by the application of inorganic and organic 
fertilizers. In still other cases it is effected by an 
encouragement of growth of plant life, which subse- 
quently is converted by natural processes or artificial 
action into organic fertilizer. 

The possibility of action of this kind in larger and in 
open systems is less in proportion to the magnitude of the 
system. Nevertheless, experiments have been carried 
out in large inland bodies of water and in enclosed arms 
of the sea. The results of these experiments do not 
derogate the basic principle, although they show, first 
that a serious problem of magnitude is involved, and 
secondly that considerable engineering and technological 
problems will have to be overcome. Suggestions have 
also been made that the spreading of rare elements and of 
biotics would have a critical effect. 

The most productive areas of the seas, at present, are 
those where nutrient material from the bottom or in 
suspension at great depths is brought to the surface, 
either by ploughing action of wind-driven water move- 
ments, or by transport by upthrusting currents of water 
from the deep. Suggestions have been made that such 
ploughing and up-welling, and the consequent enrich- 
ment of surface waters, should be brought about 
artificially. A number of engineering solutions to this 
problem have been suggested, such as the use of explo- 
sives, and the use of thermal energy either drawn from 
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the sun or provided by atomic or nuclear power. Sugges- 
tions also have been made for the use of large thermal 
pumps, and of turbulence artificially induced by setting 
up physical barriers such as a screen of heavy chains in 
particular situations. 

The provision of increased nutrient supply is, however, 
only the initial step to be taken in any project to promote 
increased production. To draw benefits of such increased 
nutrient supply it will be necessary to ensure that plant 
life will be present at the site of enrichment able to 
grow and to use the nutrients. This, of course, presents 
no problems in the case of enclosed bodies of water; but 
in the case of open systems, especially of the sea, intricate 
problems of biological and technological nature would 
have to be solved. The sowing of enriched areas with 
suitable plankton might be practicable. Again, in order 
to draw benefit from an increased phytoplankton bloom, 
steps would have to be taken to ensure that populations 
of herbivores would be available to graze on the phyto- 
plankton, and then the various stages of carnivores would 
have to be present in appropriate succession. 

All of the foregoing measures can be taken in enclosed 
bodies of water; but although experimental and prac- 
tical operations can indicate the level of increase of 
production that such measures would permit, no estimate 
could be made of the magnitude of aquatic biomass 
that could be built up in enclosed waters at present. This 
is because, first, there does not yet exist an inventory of 
enclosed waters; secondly, man is still creating enclosed 
bodies of water and could continue a long way further, 
especially by the reclamation of swamp areas; thirdly, 
the status of existing enclosed bodies of waters is not 
known, so that it is impossible to say what improvement 
of them could be effected; fourthly, the utilization of 
enclosed bodies of water in this fashion will involve 
decisions having reference to political, economic and 
other considerations. An estimate could be made of 
what, theoretically, could be produced from existing 
bodies of water under one set of conditions intended to 
bring production toward maximum; but, on the one 
hand, there are, no doubt, many patterns by which pro- 
duction could be maximized, and whether any pattern 
would be realized would depend on the economic and 
political considerations. As to the introduction of such 
measures in the seas, it can only be said that all the fore- 
going reservations would apply to a considerably greater 
degree. 

The foregoing line of thought suggests a sequence of 
direct intervention in natural systems, intended to modify, 
increase and improve them comprehensively; and al- 
though reservations are . made as to the economic 
desirability and the political advisability of giving effect 
to them, considerable advance could be made with a 
regime of lesser measures. Here we are dealing with 
measures that might be adopted to promote the expan- 
sion and improvement of the biological components of 
open ecosystems. First, steps could be taken to give 
advantage to favoured elements of these systems. 



Species of economic importance can be introduced to 
particular waters. Species also can be transplanted from 
situations that are unfavourable (because of crowding 
or other conditions) to situations where food supply is 
better or prevailing conditions are favourable in some 
respects; again, such favoured species of economic value 
can be reared to an age at which, on release in natural 
surroundings, they will have a better chance of survival 
than they would have had if they had passed through all 
the juvenile stages in those natural surroundings. Again, 
improved varieties, or hybrids, could possibly be bred 
for particular situations and their stock maintained either 
by planting from hatcheries; or in favourable situations 
they might even establish themselves in their new situa- 
tion and maintain themselves by natural reproduction. 
Favoured species also could be increased by direct inter- 
vention, which would be intended to reduce the pressures 
on them from predators and competitors; the elimina- 
tion, or at least reduction, of what in this sense are 
virtually weed species could promote under certain 
circumstances a considerable expansion of the popula- 
tion of favoured species (S). 

This last idea is an aspect of the proposition that 
eumetric fishing could assume modes other than specifi- 
cation of the effort and catch in exploiting a single species 
population, by being extended through the community. 
In its present form, the theory of fishing accepts (or 
assumes) prevailing values of parameters of the popula- 
tion (growth, reproduction, natural mortality), and 
provides methods of setting fishing mortality at a level 
the stock can sustain. In this form it relates to popula- 
tions of one or a few species; and, although its results may 
be adjusted in the light of evidence of effects appearing 
in these populations as a result of effects produced in 
other biological components of the system, no provision 
is yet made for positive action, by controlled fishing, 
to influence the processes of a community as a whole. 
A more directed strategy of fishing might seek to reduce 
severely those species which make no contribution to the 
processes of a food web comprising economically 
valuable elements; whilst contributing species (although 
not economically valuable) could be brought to greater 
production by selective fishing. 

Possibilities of such action in die sea 

Human action can reduce biological systems, or im- 
prove and increase them. As predator and disturber, 
man, unless he controls his actions, does damage; but 
if he controls his actions, both he and his environment 
can draw benefit from them. As modifier he can create, 
cultivate and successfully husband his resources. All 
this he can do in enclosed bodies of water (ponds, 
dams, etc.). What can he do with open systems (large 
lakes, rivers, the seas)? Let us take each of the activities 
in turn. 

The regulation of fishing, and the application of 
eumetric fishing (both in its present form and in the 
suggested deeper form) obviously have meaning for open 
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systems. Reduction of weed and pest species is by no 
means an impracticable proposition: already it has been 
done with some measure of success in the control of star- 
fish on oyster beds. 

Minimization of pollution and of its deleterious effects 
is also possible, but taking advantage of such effects 
would be less easy. A. C. Simpson once suggested, 1 
have heard, that it should be possible to take greater 
advantage of the enrichment of the sea at sewer outfalls. 

Taking advantage of erosion run-off would probably 
be in the same class as mobilizing nutrient stores on and 
just above the sea-floor; that is to say, theoretically some 
of the suggested things could be done, but apart from 
questions of cost, no one could yet design such an 
operation which could, on biological grounds, be 
assured of success. 

As for cultivation, several examples already point the 
way. LC.E.S. has recently decided that there is prospect 
of profit in plaice transplantation and probably also in 
hatchery work for this species. Russian workers report 
the introduction of sturgeon and salmon species to 
situations they did not previously inhabit and, in the 
case of the sturgeon, the introduction of food organisms 
as well. Canadian workers report success in breeding 
a new variety of salmon. These operations are moves 
away from the seashore where, for centuries in various 
parts of the world, various forms of cultivation have 
increased the supply of seaweeds, sponges, oysters and 
mussels. Perhaps the principal lesson to learn from these 
examples is that each represents an attack on a particular 
problem to achieve a particular end. 

The bases for realization of such possibilities 

In the face of available evidence, to say that the question 
is not "can these things be done?" but "will it be worth 
while to do these things?" or "when will it be worth 
while?" is probably not mere optimism; and then the 
problems become how to determine which things would 
profitably be attempted in the immediate future, and 
what would have to be done before they could be 
attempted with confidence? 

Four sets of problems present themselves here. First, 
those relating to information; second, those relating to 
technological and engineering features of contemplated 
operations; third, those relating to economic aspects of 
contemplated projects chiefly the ratio of the expected 
cost to the value of the hoped-for benefit; fourth, those 
relating to international interest in the area of a contem- 
plated project. It is sufficient here to single out these sets 
of questions whose implications must be obvious; it 
would be futile to attempt to particularize them and 
unnecessary to attempt to generalize principles with 
regard to them. 

Conclusions 

Thus, if in natural state these systems are in more or less 
stable condition (except when cataclysmic events occur) 
and, if anything, show a trend, however slight, toward 



covering the earth more fully and using materials and 
energy more efficiently; and if it is true (as it appears to 
be) that man can halt and reverse this trend, or accelerate 
it, in particular systems, and conversely can materially 
modify communities, exterminating them or replacing 
them completely: then the only logical conclusion is that 
the biomass of the future is likely to be just so much more 
or less than it is now, as man makes it to be. 

In that case, we need not speculate about such biomass, 
nor can we hope to forecast it by extrapolation from 
existing systems; instead, targets maybe set for adopted 
programmes and the prospects of hitting them may be 
assessed. But, since we do not know what the wishes and 
decisions of future generations will be, and we cannot 
bind those generations, we may leave them to the situa- 
tions they may meet, and ourselves concentrate on the 
problems we create by our own wishes and decisions. 



DISCUSSION 

DR. GEORG BORGSTR#M (U.S.A.): I have arrived at figures of 
the same magnitude from an entirely different starting point. 
Working down from primary production, the margin is still 
narrower. The final figure for secondary carnivores is reduced 
to approximately 300 million metric tons, and for commercial 
fishes to approximately 60 million metric tons. This finding 
makes me conclude that there must exist more feedback at 
each conversion level than I previously thought. Perhaps the 
non-living organic matter of the sea may be utilized by fish, 
which would allow a greater harvest in future. Also, in going 
from present catches to primary production, the present 
Atlantic catch allows for only three and a half conversion 
steps from one trophic level to the next, while in the Pacific 
it is about five steps. Productivity chains in the sea are longer 
than this; therefore, such comparisons are misleading. We 
need to correct our perspective on these questions and recog- 
nize the fundamental differences between agriculture and 
fisheries. The primary proteins involved in present fishery 
production in the Pacific are approximately ten times larger 
than the total primary protein in world agriculture. 
DR. W. M. CHAPMAN (U.S.A.): Potential harvest of the seas 
is greatly underestimated. Preliminary calculations in our 
area of the Pacific suggest a potential fivefold increase over 
present catches as being more realistic, and it might be as 
high as tenfold. No world fishing area is intensively fished 
except immediately around the Japanese home islands, where 
there is a great variety and enormous production. The North 
Sea is heavily fished, but only for selected species. In the 
California current the most abundant species is the anchovy, 
but only a few thousand tons are caught. The saury is next 
in abundance, but not fished at all; nor is hake, the third 
most abundant species. In California, our most important 
fishing state, we are not harvesting our most abundant species. 
Basic productivity in West Africa and in various areas of the 
Indian Ocean is very high, but harvesting methods of low 
efficiency are used. Peru has increased production from 
100,000 Ib. to 3 million Ib. in just a few years. It is calculated 
that this catch can be increased two to three times more. 
The Bering Sea was not thought to be higjily productive, but 
Russians and Japanese are now taking a million tons per 
year of bottom fishes. Therefore, estimates by Graham and 
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Edwards are very much on the low side. This subject is very 
important and deserves further investigation. 
DR. ROBERT L. EDWARDS (U.S. A.): Our estimate of second 
level carnivores may be low; but we disagree that production 
can be increased by a factor of ten. Perhaps we oould achieve 
this by eliminating one of the upper levels of the predator 
pyramid. Migration of sea lamprey into the Great Lakes has 
reduced the lake trout stocks to very low levels; but higher 
yields of other species have come about now that the pre- 
datory lake trout has gone. It will be interesting to see what 
happens after the sea lamprey has been eliminated and trout 
stocks increase again. Obviously, at present we do not have 
enough data to make a sound decision. 
DR. W. M. CHAPMAN (U.S.A.): It is obvious that, where 
such differences of opinion exist, there is not sufficient know- 
ledge to make a good estimate. We must obtain a better 
understanding of the transfer of nutrients from the depths to 
the photosynthetic layers. At present there are enormous 
areas of upwelling where no real fishing exists. We are not 
basically in disagreement, but are labouring under lack of 
knowledge. 
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One of the great fisheries of the world is that for cod off the Norwegian coast. This arises from the nutritious 
food supply there provided by the intermixma of tropical and arctic waters. In good years the catch of cod 
exceeds 400,000 metric tons and is distributed to world markets in both fresh and processed form. Modern 
techniques under scientific direction have largely revolutionized both the catching and processing sides of the 
industry in recent decades. Formerly some 4,000 small craft employed 20 000-30,000 fishermen; now bigger 
craft with fewer men are used. Photo: Courtesy Atlantic Ocean Fisheries. 
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IMPORTANCE OF FISHERIES PRODUCTION AND 
UTILIZATION IN THE FOOD ECONOMY 

by 
G. MESECK 

The disquieting facts of world hunger and protein deficiency are reviewed, and the need to encourage fisheries exploitation as one 
solution is stressed. Figures are given on world distribution of calories and animal protein. Comparisons are made between agricultural and 
fisheries contributions. 

Knowledge of sea and freshwater fisheries is reviewed. Figures are given on development of world fishing yields 1900-60, with 
discussion of future estimated yields. FAO statistics on world fish catch by continents since 1953 are given. Suggestions are made for an 
international report service for fishing conditions and scientific data, to improve fisheries exploitation. The promising potential of freshwater 
and brackish-water ponds is discussed. 

A continent-by-continent and nation-by-nation outline is given, to determine whether estimates of future fisheries production are 
realistic. Outstanding examples of national improvement, as seen in Peru, are discussed. 

Figures on utilization of fish yields are reviewed. The large proportion of fishing yields devoted to fishmeal production is mentioned, 
and the recent development of deep-freezing in advanced countries. The possible use of fish flour for human consumption is touched on, and 
there is a discussion of freeze-drying, which is believed may revolutionize the fishing industry. 



IMPORTANCE DE LA PRODUCTION ET DE L'UTILISATION DES PECHES DANS L'ECONOMIE 

ALIMENTAIRE 

On rappcllc les faits inquietants de la faim et de la d6ficience proteique dans le monde, et on soulignc la necessity d'encourager, 
comme Tune de lews solutions, Texploitation des peches. On presente des chiffrw ooncernant la distribution mondiale des calories et des 
protines animales, et on compare les contributions respcctives de 1'agriculture et des pfcches. 

Nos connaissances en matiere de peche maritime et continentale sont passees en revue. On presente des graphiques du developpcment 
de la production des peches de 1900 a 1960 en discutant les estimations futures de la production. Apres avoir rappele les statistiques de la 
FAO sur les quantites mondialement pdchees par continent depuis 1953, on presente des suggestions pour un service international d informa- 
tions sur les conditions et les donnees scientifiques des p6ches, oestin6 a ameliorer 1'exploitation des pdches, et Ton examine le potentiel promet- 
teur des etangs d*eau douce et d'eau saumfttre, 

Un examen, continent par continent et nation par nation, cherche & determiner si les estimations des productions futures de la peche 
sont valables. On commente des exemples saillants de progres national, comme celui du Perou. 

On examine les traits g6n6raux des productions du poisson, en mentionnant la grande proportion de ces productions qui se trouve 
transformee en farine de poisson et le dcveloppement recent de la cryo-dessiccation dans les pays modernes. Apres avoir abord 1'usage 
possible de la farine alimentaire de poisson pour la consommation humaine, on parle de la cryo-dessiccation qui pourrait rtvolutionner 
1 'Industrie des peches. 



IMPORTANCIA DE LA PRODUCCION PESQUERA Y SU APROVECHAMIENTO EN LOS ASPECTOS 

ECONOMICOS DE LA ALIMENTACION 

Se resefian las inquietantcs realidades del hambre y escasez de protefnas en el mundo, y se recalca la necesidad de fomentar la 
produccibn pesquera para remediarlas. Se dan datos relativos a la distribuci6n de carlorias y proteinas animales en el mundo. Se comparan 
las aportaciones de la agriculture y la pesca. 

Se mcncionan los conocimientcw actuates de la pesca marina y de agua dulce. Se dan datos sobre la produccibn pesquera mundial 
desde 1900 & 1960 y se examinan los rendimientos estimados futuros. Se presentan estadisticas compiladas por la FAO relatives a la pesca 
por continentes desde 1953, y se hacen propuestas para crear un servicio de informaci6n internacional de condiciones pesqueras y 
comunicaciones cientificas para mejorar la explotaci6n pesquera. Se examina el prometedor potencial de los estanques de agua dulce y salobre. 

Se hace un estudio por continentes y paises para determinar si las estunaciones de la produccidn pesquera futura son realistas. Se 
analizan ejemplos extraordinarios de mejoras nacionales, como nan ocurrido en Peril. 

Se resefian datos de aprovechamiento del pescado y se mencionan la gran proportion de la pesca que se destina a la fabricaci6n 
de harina y los avances de la congelaci6n en los paises adelantados. Se cita el erapleo de la harina de pescado en la alimentaci6n del hombre, 
y se descnbe la criodesecaci6n, que puede revolucionar la industria pesquera. 



L THE ECONOMIC IMPORTANCE OF FOOD 

(a) As a food source, the waters of the world have been 
underestimated for a long time. This has been parti- 
cularly true when seas and freshwater areas were 
compared with farmed land as a food supplier. This 
underestimation has hindered ocean and fisheries research 
and the development of the fishing industry. 

The substantial food reserves awaiting exploitation 
in the earth's water were far too little appreciated. 



This failure was customary in both national and inter- 
national thinking. There was a Fisheries Division in 
FAO and a quite active one but it was small, its 
budget was small, and it had a rather shadowy existence. 
In future it will be more and more appreciated, both 
within FAO and among member nations. Projects 
such as the Freedom from Hunger Campaign and the 
technical assistance program for underdeveloped 
countries will also continue to be acclaimed (1 1, 42, 44). 
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Recently, the world's waters have come into their 
own as a potential food supply. Prominent statesmen 
and scientists have been stressing the importance of the 
sea in this respect. To top it all, they have called attention 
to the need for better sea exploration and exploitation, 
which are much more important for mankind than space 
research (29). These are wise words. 

(b) A great many books have been written on the 
problem of whether food production can, in the long 
run, keep up with the explosive growth of human 
population (population bomb) (Fig. 1) (1, 2, 5, 23, 24, 
27, 28, 42, 43, 44). There are some dark forecasts. 
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Fig. L World population from 1830 to I960. Source: (43). 

But voices also rise, claiming the earth could nourish 20 
billion, if the great potential of science and technology 
could be used sensibly. There are Neo-Malthusians, 
but just as many optimists who are convinced that food 
production could increase as population rises (1). 

It is true that agricultural progress in several continents 
has already caused production to exceed consumption. 
But no one can avoid the bitter fact that the number of 
starving people has also increased considerably since 
pre-war days. The following table (Table I) demonstrates 
the point convincingly. 



TABLE I 
World distribution of catoriea and animal . 

early pott-war, and recent periods 

(per person per day at the retail level) 

Per cent of the total population covered* 
Nutrient Pre-war Early post-war 

Calories (in numbers) 

Over 2,700. . 30'6 27-8 

2,700-2,200 . 30-8 12-7 

Under 2,200 . 38*6 59*5 



Animal protein (g.) 

Over 30 . . 22-1 

30-15 . . 18-9 

Under 15 . . 59*0 



17*2 
24-8 
58*0 



for pre-war, 



Recent 

21*6 
19-0 
59-4 



19-5 
19-8 
60-7 



1 Comprising approximately 80 per cent of the world's population. 

Source: This table was appended to a lecture prepared by P. V. 
Sukhatroc, Director, FAO Statistics Division, on 11 
August, 1960. 



About 60 per cent of the world's population receive 
fewer than 2,200 calories per day, and 80 per cent must 
be content with less than 30 g. of animal protein per day. 
Over 60 per cent have a daily ration of less than IS g. 
animal protein. These are disquieting figures, and it is 
no secret that millions of people die from malnutrition, 
owing to shortage of animal protein even today. 

Beside the total hunger, however, the partial hunger 
mainly indicated by an extreme shortage of animal 
protein causes great trouble (5, 24, 27, 42, 43, 44). We 
know that in many countries of the world the greatest 
part of the population does not receive more than 5 to 
10 g. of animal protein per day, and that expectant and 
nursing mothers are suffering from this shortage and 
its terrible consequences (35). But it is also known that 
this protein deficiency can quickly be cut down or even 
removed, in places where the sea and its protein resources 
are nearby. It is nothing less than grotesque to know 
that coastal people are suffering from hunger when, 
almost at their front door, large stocks of fish exist in 
the sea, virtually unexploited. This anachronism has 
been found over and over again in several countries and 
continents (11). 

(c) In food production on land, it is quite possible to 
increase the amount of carbohydrate and fat within a 
relatively short time by soil cultivation, fertilizing, 
plant cultivation, etc. It is, however, considerably more 
difficult, and needs much more time, to produce more 
meat and other animal protein. Moreover, there are 
many areas where, for climatic and other reasons, animal 
breeding is either impossible or limited. At any rate, 
most experts are of the opinion that a special bottleneck 
will develop with the production of animal protein, 
when food production has to be increased to meet require- 
ments of the growing population, and that it may be 
difficult to overcome this problem (21, 35, 45). There 
are, however, some scientists who quite recently suggested 
that a person can also exist with an animal protein 
ration of below 30 g. per day. Up to now, this has been 
considered the minimum need. They speak of over- 
estimating the essential amino acids and of under- 
estimating the non-essential amino acids. They point 
out that in Asia many people get along, consuming 
small amounts of animal protein, but sufficient vegetable 
protein. Nevertheless, we shall have to distinguish 
between people's mere ability to survive and their 
mental and physical efficiency. At any rate, it has been 
proved that people who receive too little animal protein 
are more or less unfit for mental and physical labour. 
They are generally living in a state of lethargy and apathy, 
and are particularly exposed to all kinds of diseases. 

(d) It is vital to close the gap in animal protein supply 
in the underdeveloped countries. This gap cannot be 
closed, or can be closed only very slowly, by increased 
agricultural production. But by activating the fisheries 
and drawing on the first-class protein sources of sea, 
lake, river and pond, an extraordinary blow can be 
struck in the fight against world hunger (5, 23, 24). 



24 



In the tropical zone and the southern hemisphere, 
this large protein source is almost untouched. But at 
long last it is being recognized, and we may hope that 
fisheries 9 importance in the food economy will enjoy 
more and more notice. Our target must be the world's 
hunger areas in the tropics and southern hemisphere; 
but we should not forget there are northern areas where 
hunger is a problem too (1, 2, 11, 17, 20, 29). There is 
no need to go into detail here about the relation 
between adequate nutrition, efficiency and population 
income (Table II). 

TABLE II 

Income and consumption of cereals and protein per head in selected 
countries 1957-58 



Country 



United States 
Canada 

United Kingdom 
France 
Italy 
Japan 
Mexico 
Brazil 

U.A.R.: Syria 
Egypt 
Pakistan . 
India 

Source: (43). 

Note: Data in column (2) refer to "domestic disappearance", that 
is, to production plus opening stocks and imports and minus 
exports and closing stocks. 



1. THAILAND 

2. JAPAN 

3. BURMA, 
TAIWAN.PNIL. 

4. INDONESIA 

5. CEYLON 

. PAKISTAN 

7. CHINA 
INDIA 

i. CHILE 
PERU 

t. ECUADOR 

W.COLO Ml I A 
BRAZIL 



Importance of Fish in Food Economy 

In short, I re-emphasize that a comparatively small 
effort put into fisheries development will quickly result 
in improved standards of living and nutrition, if the 
pre-requisites are fully recognized. This has been proved 
possible by impressive examples. Peru is brought to 
mind, and some African and Asian countries. 



10.5 



WORLD ANIMAL PROTEINS 

(MILLION METRIC TONS) 



Total 
Consump- 
tion of 
cereals as 
food, feed, 
Income seed, etc., In 
terms of 
grain and 
husked (or 


Cereals for 
direct 
human con- 
sumption 
in terms of 
flour and 
milled rice 


Protein for human 
consumption 

Animal Total 


milled) rice 


(1) 


(2) 


(3) 


(4) 


(5) 


U.S. 8 


kg. per year 


g. 


per day 


2,164 


646 


67 


66 


94 


1,431 


929 


71 


62 


95 


960 


413 


85 


51 


87 


839 


375 


110 


49 


96 


406 


304 


142 


25 


76 


250 


218 


157 


15 


67 


234 


218 


147 


16 


66 


218 


214 


106 


18 


67 


169 


257 


162 


12 


73 


112 


235 


198 


13 


79 


77 


173 


151 


8 


45 


60 


144 


124 


6 


47 



TOTAL- 243 



HMUTTON 



3JO 





MILK-434% MEAT- 340% FISH-I2% E386S-S7* POULTRY-41% 

Fig. 2., Tke simplest way to measure fish against other animal 
protein* is to compare, on a global basis, the total amount of various 
animal proteins. Here fish immediately emerges as a major factor 
72-2 per cent of the whole. And, most significantly, one must notice 
that fish is a primary source of animal protein to nutritionally low 
standard nations; that is, it feeds or, at least, fills the gap between 
starvation and subsistencefar more millions than does either milk 
or meat. More than two-thirds of the world's meat and milk is 
consumed by fewer than 600 million people. But the number of 
humans to whom fish constitutes more than half of their average 
daily animal protein exceeds 7,500 million! Source: Borgstro'm (40). 

(e) Up to now, fisheries contribute only about 12 per 
cent to the supply of animal protein for the human 
population (Fig. 2). According to FAO statistics (Second 



I. PORTUGAL 

I. NORWAY 
SPAIN 

S.SWEDEN 
GREECE 

. DENMARK 

ft. U.K.,BELSIUM, 
ITALY.W.BERIMNY 

i.U.SJJt.NETH., 
N. IRELAND 

7. FINLAND 

S. PRANCE 
CANADA 

9. U.S. 



*. AUSTRALIA 



Fig. 3. This graph shows that percentage of the population of various countries which could be supported by the protein in the fish normally 
consumed. Note the high percentage of population supported by fish in the Asiatic and some South American countries, compared with the 
lower proportion in European countries (with the exception of Portugal). North America and Antipodean areas. Fish is fundamental in support- 
mg at least 7,500 million people in the areas indicated, whereas in what can be loosely described as the Western World it is of importance to 

only some 680 million people. Source: Borgstrdm (40). 
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World Food Survey-November 1952) (32), the percent- 
age shares of the continents are as follows : 



Far East 

Near East 

Africa .... 

Latin America 

Europe 

North America and Oceania 



per cent 

19-1 
2-5 
3-5 
3-5 
7-8 
1-0 



The value of these figures today is limited, since they were 
computed about ten years ago. 

Another publication (1961) shows how much animal 
protein is obtained per day from fish and fish products 
in various countries (40) (Fig. 3). 

The biological value of the flesh of fish and other 
marine animals is highly estimated by nutrition-physiolo- 
gists. Fish protein contains relatively great portions of 
methionine, lysine and tryptophan. The German 
nutrition-physiologist, KUhnau, judges the total value of 
fish protein so high, that he classifies it immediately 
after the value of mother's milk. The fats in fish and 
various vitamins and minerals are also considered 
particularly valuable for nutrition (13, 21). 



U. FISHING YIELDS 

(a) Of the 510 million square kilometres of the surface 
of the globe, 361 million square kilometres (about 
71 per cent) are ocean. The terrestrial surface, including 
freshwater areas, amounts to only 149 million square 
kilometres (about 29 per cent). About 1 55 million square 
kilometres of the sea area are in the northern, and 206 
million square kilometres in the southern, hemisphere. 
Only a comparatively small part of the vast oceans are 
being exploited for fisheries. The sea fisheries mainly 
concentrates, for the time being, on so-called shelf 
areas (shallow areas up to 200 m. in depth): about 
30 per cent of the shelf areas are in the southern hemis- 
phere, and about 70 per cent in the northern hemisphere 
(7, 8, 12). 

During the last two decades, the slopes of the conti- 
nental shelf, mainly those of the northern hemisphere, 
have been fished more and more intensively, to a depth 
of 500 to 600 m. In depths over 600 m., only some 
experimental fishing has been carried out. The so-called 
"high seas" outride the continental shelf, by far the 
greatest part of the seas, are not yet quite developed 
for the fishing industry, although fishing for shoal fishes 
has become more important in recent years. Primarily, 
these are tuna, bonito and species of the clupcide family. 

Ocean research in shelf areas has been carried on more 
intensively since the beginning of the century. But 
comprehensive research-results in high-sea areas are 
still lacking. Generally speaking, ocean research is 
considerably in arrears, compared with other fields of 



natural science* This is not because the scientists con* 
cerned did not have the necessary enthusiasm. Our 
knowledge of the extent of the living resources of the 
sea is still very incomplete. It will be one of the great 
tasks of the human race to increase efforts for a system- 
atic exploration of these living resources. Already there 
are many signs that this is going to happen. First, it will 
be essential to intensify international co-operation, for 
no country alone will be able to provide the scientists 
and money required for comprehensive, world-wide 
research programs of sea exploration. 

Conditions of life and production in freshwater areas 
are far better known. Here, regular economic methods, 
similar to animal breeding in agriculture, can be adopted. 

Generally speaking, our knowledge of the earth's 
waters has already reached such a degree that we should 
certainly be able some day to double the present produc- 
tion of our fisheries. 

(b) Fishing is one of the earth's oldest industries. It 
had considerable economic impact centuries ago on a 
much smaller world population. But the industry did 
not get into its stride until the use of steam power, the 
motor, and the invention of the bottom trawl during 
the second half of the last century. There has been more 
progress in fisheries within the past 50 years than in the 
previous 3,000. 

Nevertheless, the fishing industry is still at a stage 
which agriculture had reached about 1,000 years ago. 
Despite all technical progress in designing fishing vessels 
and gear, the sea fisheries still have the character of 
hunting. In other words, it is still basically an attempt at 
indiscriminate capture, without any previous systematic 
measures and without any management of fish stocks 
in the real sense of the word. But as Dr. Finn, Director 
of Fisheries Division of the FAO, has expressed it, 
fisheries must someday be managed like a farming 
enterprise, so that the fish stocks can be cultivated and 
herded on the pasture, just as the farmer herds his 
cattle (11). It is, however, doubtful whether this can 
be reached for many species of fish. But there are 
hopes that for certain species successful results may be 
attained in this direction. These considerations are by 
no means based on Utopian ideas (29). 

(c) Since the beginning of the century the fishing 
yields of the world have increased tenfold. In the last 
decade the growth rate was greater than that of many 
other foodstuffs. I do not intend to quote a lot of statis- 
tics, which can be seen in many publications, particularly 
those detailed fishery statistics of FAO. Nevertheless, I 
must mention some figures to support my explanations. 

Until 1948, we did not have proper world fisheries 
statistics. Since then, the Fisheries Division of FAO 
has regularly published a Yearbook of fishery Statistics, 
and the data have improved from year to year (31). 
Considering the difficulties still connected with the 
collection of statistical material, the quick preparation 
of statistics should be especially appreciated. In the 
Fisheries Division of FAO, however, one is quite aware 
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that fisheries statistics are still rather incomplete, and 
that their collection and elaboration needs continued 
improvement. I suppose that statistics are to be 
considered as minimum figures. Probably, sea fisheries 
statistics are more reliable than those of freshwater 
fisheries. Statistics of freshwater fisheries have to be 
based even more on rough estimates. 

As regards the development of the fishing yields of the 
world from 1900 to i960, the following figures are 
available (rounded off to million tons) : 



TABLE HI 

World catch by Continent: average 1953-57, 195&-40 

(million metric tons) 



1900-1910 . 

1924 . 

1932 . 

1934 . 

1936 . 

1938 . 

1947 . 

1948 . 
1953 . 
1955 . 
1957 . 

1959 . 

1960 . 

Source: (6, 9, 10, 14, 16, 31). 



4 
10 
10 
14 
17 
21 
18 
19 
25 
28 
31 
35 
38 



Some experts believe an increase to about 100 million 
tons to the end of this century might be possible without 
difficulty. The FAO supposes that, until 1980, about 
60 to 70 million tons could be produced (Finn 11). But 
they have marked this prognosis with a question mark, 
although the growth rate of about 31 per cent between 
1934 and 1959 suggests such an expectation. 

I do not think I am unrealistic if I consider the possi- 
bility of increasing the world fishing yields to 1970 as 
follows (million tons): 



1962 
1964 
1966 
1968 
1970 



41 
44 

47 
51 
55 



As in the past ten years, the further production increases 
will vary according to geographic areas. In the 1955-59 
average, about 74 per cent of the world sea fisheries 
production was in the northern hemisphere, about 21 per 
cent in the tropical zone, and about 5 per cent in the 
southern hemisphere. In 1960, this picture had already 
changed in favour of the tropical area and the southern 
hemisphere. Among other things, this is due to the 
extraordinarily rapid increase in the fishing output of 
Peru. The share of the northern hemisphere is particularly 
great. The largest continental areas are concentrated 
there, serving the greatest part of the world population. 

In Table III the fishing yields of the world are given 
by continents for 1953-57 (average) and 1958-60: 



Average figures 


1953-57 


1958 


1959 


1960 


World Total 29-19 


32*13 


35*60 


37-73* 


Africa . 




1-75 


1-98 


2-10 


2-23 


America, Noi 


rth 


3-95 


3-99 


4-27 


4-05 


America, Sou 


th 


0-82 


1-60 


2-91 


4-32 


Asia . 




11-55 


14-22 


15*38 


16-06 


Europe 




7-63 


7-61 


8-06 


7*89 


Oceania 




0-11 


0-11 


0-12 


0-13 


U.S.S.R. 




2-38 


2-62 


2-76 


3-05 



1938 


1954 


1959 


1960 


3 


6 


6 


6 


15 


15 


12 


11 


1 


3 


8 


11 


46 


40 


44 


43 


27 


28 


22 


21 


8 


8 


8 


8 



Source: (31, 34). 

freshwater 4-37, northern hemisphere 22-40, tropical zone 9-20, 
southern hemisphere 1-76. 



The fishing yields of the world are distributed to the 
individual continents as follows (per cent): 



Africa 

North America 

Soutfy America 

Asia 

Europe 

U.S.S.R. . 

Source: (31). 



From 19S4 to 1960 the share of Africa remained constant, 
whereas that of North America slightly decreased, that 
of South America more than doubled, that of Asia 
slightly increased, while the European share decreased 
and that of U.S.S.R. remained the same. From 1954-59 
the growth rate of the sea fisheries in the northern 
hemisphere amounted to 21 per cent, in the tropical 
zone to 59 per cent, and in the southern hemisphere to 
23 per cent. In the tropical zone and the southern 
hemisphere the growth rate of production was greatest 
in the Pacific Ocean (Eastern-central, South-eastern), 
amounting to 280 to 300 per cent (31). 

The share of freshwater fisheries in the total world 
production was from 1955 to 1960 between 10 and 12 per 
cent. The growth rate of 44 per cent was considerably 
greater than that of the sea fisheries (32 per cent) and was 
even greater than the growth rate of the fishing yields 
of the world (33 per cent). In Asia the growth rate of 
75 per cent was above the average. Among fisheries 
experts the opinion prevails that the production of fresh- 
water fisheries could be increased more rapidly than 
that of sea fisheries. 

(d) Considering the hitherto insufficient knowledge 
of optimum fisheries production, it appears rather daring 
to estimate the future production by continents. If I 
suppose that until 1980 a world production (marine and 
freshwater fisheries) of up to 70 million tons might be 
attained, I come to the following estimates of possible 
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optimum yields, under consideration of the present 
growth rates and other viewpoints (million tons): 

Africa 8 

North America .... 9 
South America . . . .10 

Asia 22 

Europe 10 

Oceania 3 

U.S.S.R 6 



70* 



1 60 marine fisheries, 10 freshwater fisheries. 



With the very complicated phenomena of life in the 
water, the non-foreseeable hydrographic, biological and 
meteorological changes, and the innumerable factors 
on which the fishing activity depends, I am certainly 
aware of the fact that the above figures are only a very 
rough estimate which I myself regard with reservation. 
You may well ask the basis for these considerations. 
Although 1 have studied all available publications and 
other material for a long time, and know the fishing 
industries in several continents from experience, I may 
quite well have overlooked some data. I think, however, 
one should attempt to make such estimates if one wishes 
to gain a conception of the possibilities for fisheries 
development. In the following I shall try to explain 
my ideas as clearly as possible. 

(e) A great number of scientists have investigated the 
biomasscs of the seas and freshwater areas, and there is 
the general opinion that the waters produce at least 
the same amount of organic substances as the terrestrial 
area (7, 8, 36, 37, 38). Productivity of the waters is 
dealt with in this Conference by qualified scientists, so 
I don't need to mention it here in detail. Thus I can 
go on to discuss the factors affecting those organisms 
which can be utilized economically; this means the final 
products in the metabolism of the waters. 

The living resources of the various sea areas depend 
on the conditions of life essentially influenced by the 
movements of the water masses (7, 8, 12, 35). Particularly 
important are: the upwelling of deep-water layers rich 
in nutritive substances to the upper regions, the coin- 
ciding horizontal currents of various origin and tempera- 
ture, as well as the exchange of water between upper and 
lower regions of the sea in northern and southern 
latitudes, when the upper layers cool down in winter. 

This exchange of water is frequently designated as 
"sea plough" of extraordinary effect, especially as it 
ranges up to 4,000 m. in depth (12, 29). 

The investigation of the currents of the yea, and the 
various effects of chemical, hydrographical and biological 
factors connected therewith, is of vital importance for 
the future development and extension of sea fisheries. 
Unfortunately, there are still very great gaps, which 
can only gradually be filled by close international 
co-operation (19). 



The fisheries are always specially productive where 
rapid currents contribute to the enrichment of the 
upper water layers by supplying nutritive substances, 
thus furthering the development of a rich marine fauna 
and flora. Such sea areas with high biological producti- 
vity exist in all areas of the world. Examples are the 
Benguela current off the African coast; the Canarian 
current off Northwest Africa; the Humboldt current 
off Chile aftd Peru; the Californian current off the west 
coast of the United States; the coincidence of the Oyashio 
and Kuroshio currents off Japan and the Kuriles; the 
influence of the Kuroshio current on the waters off 
British Columbia; the coincidence of the Labrador 
current and the Gulf current off the Grand Banks near 
Newfoundland; and various other currents like those off 
the Norwegian coast, West Australia, in the Arabian 
Sea, etc. The areas, where the water masses are whirled 
up most, are located in the eastern boundary-currents 
of the East Pacific, in the Atlantic and in the Indian 
Ocean; but they are not limited to these waters, and can 
also develop in the central sea areas as, for instance, 
in the border zone between the Equatorial counter- 
current and the North Equatorial current both in the 
Pacific and Atlantic. 

For commercial fisheries it would be very valuable 
if sea currents, and their influence on the conditions 
essential to life of the fish stocks, could be brought some 
day under systematic scientific management. It should 
be possible to develop a kind of international report 
service similar, for instance, to the report service of 
the world organization for meteorology. By continuously 
collecting important chemical, hydrographical and biolo- 
gical data and reporting them to a central office, where 
they would systematically be prepared and evaluated, 
reliable advice could be given to the commercial fisheries 
for their operations. This would not only help to 
improve the exploitation of the fish stocks, but also 
considerably increase the economic results from the 
fishing industry. The great dependency of the fisheries 
on unknown natural factors and changing natural 
conditions affect their profits to such an extent that the 
great economic risk over and over again results in set- 
backs having an adverse effect on steady development. 
Even agriculture is very dependent on natural conditions 
and natural changes. The dependency of the fishing 
industry, however, is still very much greater, and dis- 
courages the industry again and again from making 
greater investments. 

An international report service giving information on 
the fishing conditions would no doubt diminish the 
economic risk. Better management of fishing fleets 
would be possible. The most suitable fishing gear 
could always be used. Moreover, it would be easier to 
establish teamwork, still missing in almost all parts of 
the world. Even within the fishing industries of the 
individual countries, each enterprise goes its own way, 
scarcely ready to trade experience or co-operate on a 
broad basis. 
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Fishermen are very conventional people and cling 
obstinately to traditional methods. The European trawl 
fishery, for instance, still uses the bottom trawl as its 
main gear, although it has been proved long since that, 
at certain times of the year and for certain species of 
fish, the pelagic trawl is more efficient. Generally 
speaking, inflexibility in fishing technology is apparently 
hampering fisheries far too often. Bad yields caused 
by a wrong fishing technique are frequently explained 
as overfishing. The term "overfishing" has been much 
misused during recent decades. Since the beginning of 
this century the term "overfishing 94 walks like a ghost 
through the literature. Now may be the time to restrict 
this term to the scientifically and economically justified 
degree (19). 

It cannot be denied that overfishing exists in some 
sea areas and for some species offish. But one should not 
overlook that the lives of fish and other marine animals 
depend on such a great number of factors, that catches 
taken by men could not normally be so tremendous 
that they would be a serious influence. Many examples 
could be given with proof that natural reasons had 
caused the changes in the stocks; not overfishing. For 
instance, the decrease in the flat fish stocks of the Baltic 
had been traced to overfishing. Later it was found that 
the decrease was due to reasons which had nothing to 
do with fishing intensity. 

Also the great anxiety about overfishing North Sea 
white fish stocks as a consequence of increased trawl 
fishing did not prove right. The discussions now dealing 
with the overfishing of the North Sea herring stocks 
should be judged just as sceptically. The total herring 
yields from the North Sea have certainly fluctuated in 
recent decades. But considering a longer period, they 
have even increased. The so-called statistics of fishing 
efforts are by no means convincing evidence. Merely 
an inefficient fishing technique, not flexible enough to 
pursue the everchanging fish locations, has resulted in 
poor production. Right in the North Sea it has been 
proved in recent years that countries which used a more 
adaptable fishing technique caught more herring than 
ever. 

In fishing techniques, however, it is not only the type 
of gear that counts. It has been proved more and more 
that width of mesh in the trawling gear has a decisive 
influence on success. At any rate, there is no doubt 
that the fishing yields in the North Atlantic would be 
substantially greater if fishing gear with larger meshes 
were generally used. This is quite apart from the fact 
that only fish of commercial size would then be caught, 
which could be utilized with a better economic profit. 

Summarizing, I would like to state that in no part 
of the world have the possibilities of further increasing 
fisheries production been properly utilized, and that 
overfishing of some fish stocks may be talked of in only 
a few cases (11, 12, 15, 20). The growth rates, however, 
will be essentially greater in the tropical zone and in the 
southern hemisphere than in many parts of the northern 



hemisphere, as has already been the case during the 
last decade. First, better knowledge of all natural factors 
determining the life and size of fish stocks will be of 
greatest importance for a further production increase. 
It might be just as important really to evaluate these 
factors for a sensible fishing technique, using all modern 
physical and technical aids. In this connection we shall 
also have to strive gradually to go over from indirect 
to direct detection and finding the shoals offish. 

(f ) The freshwater areas, whose production conditions 
are already much better known than those of the sea, 
have so far contributed in most continents only a small 
percentage to the supply of animal protein for human 
consumption. Generally speaking, these waters not 
only include the natural lakes, ponds, rivers and artifi- 
cially constructed waterways, but also the river estuaries, 
closed lagoons and bays of the sea (brackish-water areas) 
as well as the paddy fields submerged for 3-8 months 
each year. Considering that the freshwater areas of the 
world have a surface area of 500 million hectares, and 
the cultivated rice fields of the world only 100 million 
hectares, one gets some impression of the reserves still 
existing for the production of fish (Table IV). 

f .a 

TABLE IV 

Productivity of various freshwater and brackish-water areas 



(in kg. per hectare and year) 



Area 



production 
kg. 

1-6 
6-5 
40-0 

104-0 

285-0 
800-0 



Attained 

maximum 

yield 

kg. 



375 
800 
1,400 
8,000 
5,000 
9,300 



Natural waters (without fish farming) 
Lake Victoria (East Africa) 
Lake of HaJstatt (Austria) 
Lake Tiberia (Israel) 
Lake Karoon (United Arab Re- 

public) 

Lake Edku (United Arab Re- 
public) 

Lake Tempe (Indonesia) . 

Freshwater ponds (with fish farming) 

U.S.A 170 

Federal Republic of Germany . 200 

Yugoslavia .... 370 

Indonesia .... 1,000 

Israel 1,650 

Republic of Congo* . . 2,000 

Brackish water ponds 

West Java . . 178 

Central Java . . 155 

East Java . . 311 

France . 300 

Celebes . 680 

Sumatra . . 833 

Philippines . . 333 

Formosa . . 1,063 

Singapore . . 

India (Coast of Malabar) . 

Cochin . 

Wet ricefields 

Malaya . 135 

Japan . - 145 

Tanganyika . . 110 

Indonesia , . 139 

1 Previously Belgian Congo. 
1 With additional food. 

Source: (2, 12, 33). 



800-1,200 

1,800-2.000 

1,110 

1,000 

1.700 
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Up to now, mainly the natural fish stocks of the fresh- 
water and brackish-water areas are being exploited. 
Hie possibilities of systematic modern fish breeding 
methods, however, are yet too little used. But it has 
been proved that properly managed freshwater ponds 
produce considerable yields per hectare. Of course, 
climatic and other conditions play a part While in 
Europe average yields of 200-400 kg. per hectare and 
maximum yields of 900-1,400 kg. per hectare are not 
rare, in Indonesia, Israel and Congo average yields 
have been attained of 1,000-2,000 kg. and maximum 
yields of 5,000-9,000 kg. per hectare. 

Also in brackish-water ponds fish breeding can be 
carried on successfully. This is particularly known in 
the Far East (Indonesia, Sumatra, Philippines, Formosa, 
India Malabar coast). The average yields fluctuate 
between 150 and 1,000 kg. per hectare. 

On wet paddy fields average yields of 100-150 kg. 
per hectare can be produced. But it is known from Japan 
that maximum yields of even more than 2,000 kg. have 
been reached. One has computed that the area of culti- 
vated rice fields (sc. 100 million hectares) could produce 
about 5 million tons of fish, based on a modest yield 
of 50 kg. per hectare. This alone would equal the 
present production of the freshwater fisheries of the whole 
world (12). 

(g) If we examine the individual continents to find out 
whether the estimates on the optimum possibilities of 
the fishery production until 1980 (see p. 28) are well 
founded, the following may be outlined (Fig. 4): 
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Fig. 4. World catch. (Live weight, million metric tons.) Source: 
(12, 14, 36). 



(0 Africa (4, 12, 25, 30, 31, 39, 46) 
The African sea and freshwater fisheries have been 
markedly underdeveloped up to now. Except for some 
countries (for instance Republic of South Africa/South- 
west Africa, Angola and Morocco) the sea fishery is 



limited to a primitive coastal fishery which, owing to 
unfavourable climatic conditions and inadequate channels 
of distribution, is only supplying in effect the coastal 
population. 

From reports made by FAO fisheries experts, the 
results of various fisheries expeditions and experience 
from the assistance programmes show that yields of the 
African sea fisheries could still be greatly increased. 
For some years the development of the tuna fishery and 
the fisheries for several species of the clupeide family 
have become increasingly important (for instance in 
Senegal, Ghana, Guinea). The most insignificant sea 
fishing obviously takes place off the African coast in the 
Indian Ocean. Here, too, one expects future expansion. 
At first, however, it might be necessary to increase the 
hitherto poor knowledge of fishing conditions. 

A thorough investigation of the biological productivity 
of all the African coastal waters is urgently needed. 

Even the freshwater fishery of Africa could be substan- 
tially expanded if proper economic measures were taken. 
Most of the natural waters indicates a great productivity, 
so far as investigations have been made. Moreover, 
experiments have shown thai fish farming can successfully 
be carried out in large parts of this continent. As already 
mentioned, a remarkable growth rate has been attained 
in the fish ponds of the Congo. 

For many African countries the quick production of 
greater amounts of animal protein by their own means 
is not only a central problem of the food economy, but 
also a prime question of economic importance. Up 
to now, large amounts have had to be spent on the import 
of dried fish, a heavy burden on the budget. 

(//) North America (4, 12, 30, 31, 39) 

In North America the fisheries of the United States and 
Canada are the most advanced. Nevertheless, further 
development on both Atlantic and Pacific coasts is 
thought quite possible. The fishing yield from the Gulf 
of Mexico could be considerably increased. Great 
possibilities are also suggested for increasing the fresh- 
water fisheries. Figure 5 gives the average U.S. -catches 
of fish and shellfish from 1926 to 1959, showing the 
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Fig. 5. U.S.A. catch of fid and shellfish, 1926-1959. 
Source: Borg&trdm (39). 
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gradual increase in the industrial fishery and the decreas- 
ing production of fish for human food. On the whole, 
there might well exist the pre-requisites for doubling the 
present fishing yields in the United States and Canada. 
While in Canada the small population hampers the 
quicker development of the fisheries, this field of the food 
economy in the U.S.A. is in strong competition with 
agriculture and, indirectly, with other commercial fields 
of economy. This is partly due to the agricultural sur- 
pluses in the U.S.A.; but in New England the better 
incomes in the commercial economy also have a negative 
effect. 

In the Central American States, the fishing industries 
are still very much underdeveloped. The present fishing 
yields of Mexico could be at least trebled. It is to be 
hoped that, in line with the assistance programmes for 
underdeveloped countries, greater progress will be 
attained in the next few years on the Pacific coast as well 
as on the Gulf coast. The fisheries of the smaller Central- 
American States are also underdeveloped, although the 
shortage of animal protein is especially great and the 
economic structure of these countries is relatively one- 
sided (monocultures). An assistance to the development 
of fisheries would be very useful here. 

(///) South America (4, 12, 16, 22, 31, 39) 
As compared with other continents, the growth rate of 
the South American fishery was particularly great in 
recent years. First, the Peruvian sea fishery developed 
to a degree unparalleled in the world. The fishing yield 
increased from 160,000 tons in 1954 to 4*0 million tons in 
1961 (Table V). The progress of the Peruvian sea fishery 
is a good typical example of how quickly and with what 
relatively simple means the food reserves of the sea, 
completely overlooked for a long time, can be mobilized 
(Fig. 6). The Peruvian fishery is particularly favoured 
by the upwelling of deep water masses, rich in nutritive 
substances, in the area of the Humboldt current. Such 
upwellings, however, also exist in other sea areas. 
Unfortunately, their effect and importance are far too 
little known at present. 



In view of the prevailing shortage of animal protein, 
which great parts of the population in the Pacific 
countries of South America are suffering from, it would 
be essential to see that greater quantities of the catches 
would be utilized for direct human consumption. The 
fact that, for instance, 90 per cent of the Peruvian 
fishing yields are processed into fish meal for animal food, 
may be more or less necessary for a transition period, 
but it must not become permanent. 

On the Atlantic coast of South America Brazil is now 
the most important fishing country. The fishing yields 
of Argentina and Uruguay are not yet particularly impor- 
tant. In the Caribbean zone, the fishery of Venezuela 
has steadily developed in the recent years. In Columbia, 
after an increase, fishing yields have again been declining. 

Argentina and Brazil have considerable shelf areas 
along their long coastlines. Moreover, numerous rivers 
carry waters rich in nutritive substances to the sea. On 
the wide shelf off the Argentine coast there are compara- 
tively few hindrances, so that an intensive trawl fishery 
would be quite possible. There are estimates indicating 
that an optimum fishing yield of 5 million tons per 
annum could be reached in Argentina, and of 3 million 
tons ill Brazil. It is difficult to judge if these figures are 
realistic, particularly since we still know very little of the 
biological productivity of the sea areas off Argentina 
and Brazil. Therefore, I personally make a more 
cautious prognosis; but I still believe that the fishing 
yields of Argentina could be increased to 3 or even 
3*5 million tons, and those of Brazil to 1 or even 1-5 
million tons per annum. 

The hitherto small fishing yields of Argentina might 
finally be due to the fact that the population already 
can be provided with sufficient animal protein from the 
important cattle industry of the country. Conditions 
in Brazil are different, where a great number of the 
inhabitants get too little animal protein. 

On the Caribbean coast the fisheries of Venezuela and 
Columbia might be quite capable of development. It 
is believed, for instance, that the remarkable sardine 
stocks occurring off the coasts of both countries are by 



Fish catch 

Fish meal production 



TABLE V 
Fish catch and fish meal production hi Peru, in 1,000 tons 

1948 1952 1953 1954 1955 1956 1957 1958 

48 137 148 176 213 297 483 930 

9 12 16-5 20 31 64*5 127 



7959 

2,100 
332 



7960 

3,501 
558 



7967 

4,000 
640 



Source: Yearbook of Fisheries Statistics (31) and Desarollo dclla Pesca Pcruana en 1961. 



On the Pacific coast of South America the sea fisheries 
of Chile and Ecuador are also progressing. From 1954 to 
1959 alone, the fishing outputs of Chile have doubled and 
those of Ecuador have trebled. Experts believe that the 
whole Pacific fishery of South America can be consider- 
ably expanded. This does not only refer to the anchoveta 
fishery, but also to the tuna fishery. 



no means properly exploited. The possibilities for a 
further intensified shrimp fishery are also considered 
favourable. 

Comparatively little is known about the freshwater 
fisheries of South America. The figures contained in 
the FAO statistics are certainly too small. A regular 
commercial fishery, however, obviously takes place only 
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in the estuaries of the large rivers and in some larger 
lakes. For the rest, freshwaters are apparently only 
occasionally exploited 

(/v) Asia (3, 4, 12, 16, 17, 18, 20, 31, 33, 41) 
The main share in the fishing yields of the world (43 
per cent) goes to Asia. The greatest fishing nations are 
Japan and China (mainland), of which the yields were in 
1959 between 5 and 6 million tons with a further increase 
in 1960. Japan has an important fishery in remote sea 
areas, extending already to the Pacific, the Indian Ocean 
and some parts of the Atlantic (off the African and 
South American coasts). It is to be supposed that 
this remote fishery will develop further (Fig. 6). Japan 
intends to increase the fishing yield to about 7-4 million 
tons by 1970. 
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Fig. 6. Catch of fish, crustacean, molluscs, etc., for the 6 largest 
producing countries. Source ; (72, 36). 

Considering the heavy increase in population, the 
unfavourable food conditions and the extreme shortage 
of animal protein, one can suppose that this country 
will develop its fisheries with the greatest attention. 

Other important fishing countries of Asia are, up to 
now, India, Indonesia, North and South Korea, China 
(Taiwan), the Philippines, Pakistan, Thailand, Vietnam 
and Malaya. It is known that in all these, and even in 
other countries, the freshwater and sea fisheries could 
contribute substantially more to the supply of animal 
protein for the population than has been done. The 
food reserves of the sea are in no case sufficiently 
exploited, despite the extreme shortage of animal protein 
prevailing in more or less all Asiatic countries. For 
instance, the fishing yields of India and Pakistan could 
be increased several times. Beside technical and organiza- 
tional difficulties, religious taboos also have a negative 
influence there. 



According to reports from German experts it would 
be possible at least to treble the fishing yields of the sea 
fisheries of Thailand. 

The total output of aquatic products in Mainland 
China probably exceeded five million tons in 1960 
(Table VI). It is therefore still far below the potential 
yield, estimated at over seven million tons (Table VII). 

TABLE VI 
Fisheries output in Mainland China, 1936 and 1949-60 



Year 


Total output % increase Marine Inland 
(1,000 over previous fisheries fisheries 




metric tons) year 


(1,000 metric tons) 


1936 


1,500 


1,000 500 


1949 


448 - 


300 148 


1950 


910 103 


610 300 


1951 


1,300 42-8 


870 430 


1952 


1,666 28-1 


1,110 556 


1953 


1,900 14 


1,265 635 


1954 


2,294 20-7 


1,530 764 


1955 


2,518 9-7 


1,680 838 


1956 


2,640 4-8 


1,760 880 


1957 


3,120 18-1 


2,080 1,040 


1958 


4,060 30-1 


2,560 1,500 


1959 


5,020 23 '6 


2,760 2,260 


1960 (plan) 5,800 16 





Source: 


Reports of Mainland China's State 


Statistical Bureau and 




Hsinhua (bimonthly, published in 


Peking), 6 April, 1960 




(41). 





TABLE VII 
Estimated potential output of Mainland China 

Metric Tons 

Marine fisheries 

436,000 sq. miles at 10 tons per sq. 
milep.a 4,360,000 

Inland fisheries 

Rivers and lakes 8-7 million hectares 
at 0*15 tons per hectare p.a. . . 1,200,000 
Ponds and paddy fields 3-7 million 
hectares, of which 1 -6 million hectares 
utilized for fishery at 1 ton per hectare 
p.a 1,600,000 2,800,000 

Total 7,160,000 

Source: Minister of Aquatic Products at 7th Session of the National 
People's Congress on 5 July, 1957 (Hsinhua report) (41). 



Comparison of Tables VI and VII indicates that recent 
efforts have brought the output of inland fisheries very 
near maximum potential. Of course, various breeding 
methods and enlarged fishing area may raise their output 
to about 3 million tons, which probably can be achieved 
within the next two or three years. Due to progress in 
farming and water conservancy works, many previously 
uncultivated and dry places now abound in fish. Further- 
more, the breeding area has substantially increased, 
thanks to the adoption of harbour-breeding and the 
expansion of the area of beach raising. The growth of 
marine fisheries, however, is still probably 30 per cent 
below maximum potential. The growth of output of 
marine fisheries so far has been relatively slow, which 
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can be explained by the shortage of capital resulting 
in the lack of fishing vessels of larger sizes and the low 
degree of mechanization (41). Quite extraordinary possi- 
bilities exist in wide areas of Asia for fish farming in 
rice fie Ids. 

The experience of FAO and several European countries 
under the assistance programme for fisheries develop- 
ment reveals quite distinctly that the Asiatic countries 
suffering from hunger could help themselves successfully 
just by developing their fisheries. 

(v) Europe (4, 12, 15, 16, 18, 20, 30, 31, 39) 
The European fishery is, up to now, well advanced. It 
is already operated so intensively, that the increase in the 
yield can only continue slowly. From 1954 to 1959 the 
growth rate of the European yield was thus substantially 
lower as compared with other continents. But it should 
not be overlooked that the European yields, especially 
from the North-east Atlantic, almost doubled from 1938 
to 1959. 

The fishing areas of Europe are relatively better 
explored than those of other continents, although 
there still are rather large gaps. European fisheries 
have made special progress in fishing techniques, although 
the development varies from country to country. 

Although climatic conditions are not too favourable, 
the European freshwater fisheries are generally quite 
progressive. This does not only refer to the more or 
less intensive management of natural waters, but also 
to fish farming. 

In contrast to some experts, I am of the opinion that 
European fisheries could be further developed. Apart 
from the fact that fishing techniques in some countries 
are too one-sided, I believe there still are fishing resources 
in some areas of the European northern seas which, 
up to now, have been exploited either scarcely or not at all. 

(v/) Oceania (4, 12,30,31) 

The fishery of Oceania has been unimportant. This, 
however, is not due to a lack of biological productivity 
in those sea areas, but to the fact that the fisheries 
have been regarded as less interesting in view of the small 
population of that continent. As far as it can be judged, 
however, this condition might change in the coming 
decades. Anyhow, it is known that Australia in particular 
intends in future to explore and to develop the living 
resources of the sea with greatest attention. It can be 
concluded, from the few publications on it, that the pre- 
requisites for fisheries development, primarily the pelagic 
fisheries, are more favourable than was supposed. 

(v//) U.S.S.R. (4, 12, 30, 31, 39) 
The U.S.S.R. has approximately doubled the fishing 
yields since pre-war days. For years, great efforts have 
been made in the U.S.S.R. to improve ocean and fish- 
eries research as well as fishing techniques. The success 
achieved in the Atlantic Ocean cannot be denied. In 
the Far East also the U.S.S.R. fisheries have expanded. 



Moreover, its endeavours to improve its freshwater 
fisheries cannot be overlooked. Figs. 7 and 8 demonstrate 
the development in the various fields of Sovietic fisheries 
from 1913 to 1960. 

SOVIET MARINE FISH C*TCH 




1913 1930 1940 1945 1950 1955 1900 

Fig. 7. Soviet marine fish catch. Source: Borgstrdm (39). 
SOVIET INLAND FISH CATCH 




1945 1950 1955 I960 

Fig. 8. Soviet inland fish catch. Source: Borgstrdm (39). 

Despite a strict control of the fisheries, and the employ- 
ment of combined fishing and factory ships and factory 
vessels with independent fishing vessels, the fishing yields 
have shown only a small increase between 1954 and 1959. 
With the large vessels, partly or fully mechanized, some 
difficulties apparently occurred at first, which had or 
have still to be overcome. But the latest news about 
the present U.S.S.R. building programs indicates that 
the method of operating large combined fishing and 
factory vessels, and factory ships with independent 
fishing vessels, will consequently be continued. More- 
over, vessels are designed for the fisheries in tropical 
waters. It is also known that experimental U.S.S.R. 
fisheries have repeatedly been carried out in African 
waters. The efforts of the U.S.S.R. obviously aim at 
further future fisheries development and at constant 
expansion of operational areas. The enormous efforts 



F.N.C 
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in the fisheries and ocean research serve the same purpose. 
According to the present Seven Year Plan the fishing yield 
should be increased to 4*64 million tons by 1965. Never- 
theless, to meet the growing demand for fish and fish 
products in the U.S.S.R., it is necessary to increase the 
annual catch of fish and marine animals, whales, etc., 
to 7-7-5 million tons. For that purpose sea fisheries 
have to be further expanded to remote oceans, and fresh- 
water fisheries have to be even more developed. The 
output from the large water reservoirs, for instance, is 
estimated at 200,000 tons per annum. Moreover, 800,000 
tons of freshwater fishes (as carp, trout, etc.) may be 
expected from extensive pond farms which should be 
established in the wide rural areas. 

(h) Of course, increase in fishing yields does not only 
depend on biological productivity of seas and freshwater 
areas, but on specific economic and financial conditions. 
This refers, among other things, to the educational 
standard of the fishermen, to the technical possibilities 
of the fisheries, the utilization of the catches and the 
marketing conditions. Many difficult problems arise 
from these items which can only gradually be solved. 

In many parts of the world, where either no fishing 
or only very primitive fishing takes place, one cannot, 
within a short time, reach a development corresponding 
to the fisheries of Europe or North America. One cannot 
intensify the fisheries in one direction without knowing 
how and in which way marketing is possible. Experience 
with fisheries assistance has more or less clearly shown 
that there are no reliable standards. Only after previous 
careful investigations can it be decided in any special 
case which methods are the best to start and develop a 
fishing industry. 

In many cases it proved that it was at first useful to 
process most of the increasing yields into fish meal. 
This is a relatively simple process, which brought con- 
siderable economic success even under climatically 
unfavourable conditions (for instance in Angola, South 
Africa, Peru, etc.). Nevertheless, this one-sided way of 
utilizing the increasing fishing yields can usually only be 
a transition phase. The aim of any fisheries development 
must finally be to utilize the greatest possible part of the 
catch for direct human consumption. 

IE. UTILIZATION OF FISHING 
YIELDS (31, 34, 39) 

(a) From 1957 to 1960, about 40-43 per cent of the fishing 
yields of the world have been consumed fresh, 8-9 per 
cent have been frozen, about 20-24 per cent have been 
salted, dried or smoked, about 9 per cent have been 
canned, about 13-20 per cent have been used in various 
processed forms (Table VIII). These figures, however, do 
not mean that 83-87 per cent of the fishing yields of the 
world are used for direct human consumption. It has 
to be remembered that, beside the direct processing of 
fish into fish meal and fish oil, large quantities of fish 
offal are utilized in the same way. At the International 



Meeting on Fish Meal in March, 1961, in Rome, it was 
stated that, in 1960, about 10 million tons of the fishing 
yields of the world (almost 25 per cent), either as whole 
fish or fish offal, have been reduced to fish meal and 
fish oil. But there are many fishing countries where over 
50 per cent of the fishing yields, either as whole fish or 
fish offal, are processed into fish meal and fish oil. In 
some countries the greatest part of the landings is used 
for that purpose. 

(b) Fish and other marine products deteriorate very 
rapidly. Therefore, they can be kept for human consump- 
tion only for a short time, particularly under unfavour- 
able climatic conditions. The conservation of the catches, 
therefore, has always played a great part, as only in this 
way a longer-keeping quality, better storage and transport 
quality could be attained. Even today, the oldest methods 
of preservation i.e. drying, salting and smoking are 
very important to the fishing industry. The use of wet 
ice and dry ice for keeping fish fresh is generally known, 
as well as canning in airtight containers. Moreover, 
many chemical and biochemical processing methods for 
preserving and preparing fish products have been 
developed. 

(c) Quite recently, the deepfreezing offish has become 
more and more popular. The greatest progress in that 
method has, up to now, been achieved in the United 
States. In Europe and other parts of the world, deep 
freezing has also been adopted to a greater extent. This 
method has become indispensable for the growing 
fisheries of remote areas. 

Deep freezing of fish, however, requires comparatively 
great investments (cold chain), and running costs from 
the fishing ground to the consumer. Therefore, it is only 
suitable for those countries where the population has 
already reached a higher standard of living. 

(d) For several years, the nutritive-physiologists have 
dealt with the problem of whether protein concentrates 
(fish flour) could be produced for human nutrition (21 , 35). 
Even under unfavourable climatic conditions this can 
be easily transported without special difficulties. During 
the International Meeting on Fish Meal in March 1961, 
in Rome, the present experience with this was discussed 
in detail. The report on that meeting contains all the 
information, so that it is not necessary to mention the 
details here. I only wish to point out that production 
of protein concentrates, which can be supplied to the 
population either directly or in connection with other 
food, are of great importance to countries with under- 
developed fisheries, which are usually also those countries 
suffering from hunger. 

(e) A new method of food preservation is the freeze- 
drying method (45). In Great Britain and in the U.S.A., 
large-scale scientific investigations on freeze drying have 
already been carried out for a long time. In Aberdeen 
(Scotland) an experimental plant has been installed, 
where considerable investigations on the theoretical 
bases and practical utilization of this method have been 
made. Moreover, a so-called accelerated frecze-drying 
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TABLE VIII 

Utilisation of cftteta 

(in live weight equivalents) 

Disposition 1955 1956 1957 1958 1959 1960 

in million metric tons 

Total world catch . 28*3 29-8 30*8 32-1 35-6 37-7 
Estimated quantities 
used for: 

Marketing fresh 

Freezing 



to meal, 
oil etc.i 

Miscellaneous pur- 
poses . 



12-2 12-5 13-2 13-8 14*9 15-1 

1-9 2*2 2-4 2-7 3-0 3-4 

7-1 7-3 7-3 7-3 7-2 7-3 

2-9 3*0 3-3 



2-5 2-7 



3-5 



3-6 4-1 4-0 4*3 6-2 7-4 



1-0 1-0 1-0 1-0 1-0 
in percentages 



1-0 



Total world catch 


100 


100 


100 


100 


100 


100 


Marketing fresh . 


43 


42 


43 


43 


42 


40 


Freezing 


7 


7 


8 


8 


8 


9 


Curing 
Canning 
Reduction to meal, 


25 
9 


25 
9 


24 
9 


23 
9 


20 
9 


19 
9 


oil, etc. 


13 


14 


13 


14 


18 


20 


Miscellaneous pur- 














poses . 


3 


3 


3 


3 


3 


3 


Source: (31). 














1 Offal included. 















method has been developed, reducing the drying 
period considerably. 

Meanwhile, Messrs. Vickers Armstrong (South Mar* 
ston) Limited have designed Accelerated Freeze Drying 
A.F.D. plants for practical use. They can be used 
for fruit, fish, meat and vegetable. By means of this 
method all humidity, or about 5/6 of the original weight, 
is removed. The dried foodstuffs can then be stored in 
plastic wrappings for years at normal temperature. The 
product is light as a feather and crumbles in the hand. 
It recovers its original form when immersed in water, 
and it looks again quite natural. It is reported that 
foodstuffs processed by freeze drying can be cooked 
relatively quickly. 

In the food industry of the U.S.A. and several 
European countries, a greater number of large capacity 
freeze-drying plants are already in operation. The 
greatest part of the processed products is used for soups 
ready for cooking, for which a quick recovering is 
specially important. 

In 1960, for instance, in San Carlos, Texas, the produc- 
tion of freeze-dried shrimp meat was started. That 
plant is at present processing over 2,000 kg. of shrimp 
per day. They are said to be of excellent quality. Any- 
how, the product has been readily accepted by the 
consumers, as it competes well with deep-frozen shrimp, 
as far as flavour and consistency are concerned. The 
same good results have been achieved by the Bundes- 
forschungsanstalt fiir Fisherei (Federal Institute of 
Fisheries) in Hamburg with a number of experiments 
with food shrimp. This institute also made experiments 
with fish which have been equally successful 



In the Federal Republic of Germany the firm of Maggi- 
GmbH of Singen (Lake of Constance) installed an experi- 
mental freeze-drying plant for foodstuffs for commercial 
use. The production is used for further processing of soups 
ready for cooking. The freeze-dried products (vegetable, 
meat and fish), however, still had some defects. As they 
quickly absorb air, the oxygen contained in the air may 
easily cause some changes. The careful packing of freeze- 
dried foodstuffs is therefore a substantial pre-requisite 
for completely maintaining the nutritive value. 

Even with the operation of the freeze-drying plant 
itself some difficulties occurred, which however will be 
overcome by technical improvement. 

The commercial use of freeze-drying plants, however, 
is still somewhat restricted by the very high costs of these 
units. The high selling price of freeze-dried foodstuffs 
also hampers, for the time being, the marketing of these 
products. 

As far as can be judged, however, the food-physio- 
logical and technological problems of freeze-drying have 
apparently been solved in principle. It is to be expected 
that the firms manufacturing such plants will very soon 
be in a position to sell them at reasonable prices. This 
might probably be the case, as soon as serial manufacture 
is possible. 

Freeze drying may, in many respects, cause a really 
revolutionary change in the fishing industry. The 
method deserves the greatest attention as, owing to the 
remarkable reduction in weight, costs of packing and 
transport are saved, and moreover a long storage quality 
is secured under any conditions. These advantages 
could perhaps even offset the increased production 
costs. For fish marketing, one would possibly in future 
not need much expensive equipment for maintaining 
quality, and marketing would be essentially less compli- 
cated. For all fishing countries in warmer and hot zones 
(especially for underdeveloped countries), where also 
traffic and marketing equipment are less developed, 
freeze drying could be an ideal method to supply the 
population with fish even over the longest distances. 
Even air transport in areas with poor traffic would 
perhaps be justified from the economic point of view. 

Further research work of technological development 
to bring the product within the purchasing power of 
average families, especially in developing countries, 
should be encouraged. 

I am convinced that by means of freeze drying the 
living resources of the sea could be utilized for mankind 
to a far greater extent than I have been able to describe 
in the course of this article. 



IV. SUMMARY 

(a) Better ocean research and' increased exploitation 
of the living resources of the sea are of greatest importance 
in view of the explosive growth of human population. 
The number of starving people has considerably increased 
in the last decade, and the extreme shortage of animal 
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protein has been particularly felt. It is rather difficult 
to eliminate this bottle-neck. The protein reserves of the 
seas and freshwater areas, however, can be mobilized 
more quickly than in agriculture. The waters can there- 
fore render extraordinary help to the Freedom from 
Hunger Campaign. The countries suffering from hunger 
also belong to the undeveloped areas, and any assistance 
for development can only be successful if people have 
enough, and good enough, food. Animal protein plays 
the most important part, and it is therefore essential to 
utilize the still unexploited resources of the seas and 
freshwater areas. 

(b) Since the beginning of this century the fishing yields 
of the world have increased ten times and amounted, 
in 1960, to about 38 million tons. It has been considered 
possible to increase the production to 55 million tons 
by 1970 and to 70 million tons by 1980. While the 
greatest fishing yields have been produced up to now in 
the northern hemisphere, this may in future change in 
favour of the tropical zones and the southern hemisphere. 
Substantial possibilities exist here for a rapid increase in 
production. This has been proved by example. The 
opinion predominates that the production of the fresh- 
water fisheries can be increased more quickly than that 
of the sea fisheries. 

In sea fisheries international co-operation is particu- 
larly important. An international report service giving 
information on the prevailing fishing conditions would 
considerably diminish the economic risk, and would 
also help to make the fishing methods more efficient 
and more variable. Despite all technical progress, 
fishing methods are still too one-sided. Ever-changing 
locations of fish require a greater variety of effort. 
It is necessary to change gradually from indirect to 
direct detection of fish shoals. 

The term "overfishing" must finally be restricted to 
a scientifically and economically justified degree. The 
effects on the fish stocks are usually over-estimated, 
compared with natural factors that can be little influenced. 
Overfishing may perhaps be recognized for some sea 
areas and for some species of fish. 

Up to now, many freshwater areas are exploited very 
little or not at all. By fish farming in ponds and rice 
fields very great yields could be produced. 

In all continents a considerable increase in fisheries 
production is possible. This could be done particularly 
in Africa, Asia and South America, but also in other 
areas. 

Until now most fishing has been carried out on the 
continental shelf area, and the high-seas fishing is only 
slowly developing. The exploration of these sea areas 
and the improvement of pelagic fishing methods, there- 
fore, call for increased attention. 

(c) The utilization of fishing yields has changed 
during the last 20 years. Deep freezing, for instance, 
has become more and more popular. But, up to now, 
almost 25 per cent of the total fishing yields are still 
processed into fish meal and fish oil, and are thus 



lost for direct human consumption. In view of the 
extreme shortage of animal protein in many countries it 
must be attempted in future to utilize the fishing yields 
as much as possible for direct human consumption and to 
restrict the production of fish meal and fish oil to offal. 
It is, however, admitted that, in the gradual development 
of fisheries in the undeveloped countries, a great portion 
of the catches must be reduced to fish meal and fish oil 
during the transition period. 

In the fish processing industry, deep freezing and the 
production of protein concentrates should become 
increasingly important. The greatest attention should be 
given to freeze drying which, in many respects, may cause 
a truly revolutionary change in the fishing industry. By 
means of the freeze-drying method the food resources 
of the seas could be utilized more quickly, and to a greater 
extent for the human population, than may seem 
possible from the present point of view. 
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DISCUSSION 

DR. C. L. CUTTING (U.K.) : I am not very optimistic about the 
future of freeze-drying as being the cure-all process. There is 
currently no scientific account of the process available. It is 
documented only in the trade press, which is undoubtedly 
optimistic and exaggerated. Fish is the least successful of all 
freeze-dried products, and I am not convinced that modifi- 
cations of the process would improve its status significantly. 
The claim (by U.S. producers) that freeze-dried shrimp is 
equivalent to shrimp frozen by conventional processes suggests 
that U.S. commercial freezing processes and equipment are 
not as efficient as those in the United Kingdom. Other 
problems, such as standardized, simplified drying methods 
not employing conventional power sources, are of higher 
priority. 

MR. HUGO LOREDO (Mexico): In Mexico it is difficult to get 
reasonable market reception for any processed fishery product, 
due to the limited purchasing power of the population. This 
applies to even the most simple processing methods. It is 
suggested that an attempt be made to increase consumption of 
naturally-dried fish to avoid basic economic problems involved 
in production, transportation, storage, etc. It is difficult to 
get good quality naturally-dried fish in the tropics, however, 
and this problem needs investigating. It has been observed 
that the limitations to expanded consumption are based 
almost exclusively on the limited purchasing power of the 
most numerous sector of the population, which cannot pay 
the price for fish that the sectors with higher income can 
afford. This is true, not only of fresh fish kept on ice, artfc 
salted and dried fish, but even more of frozen and canned 
fish, the preparation of which is at the moment very costly. 
For this reason, it is believed advisable to promote, among the 
population with limited income, an increase in the consump- 
tion of fish preserved by means of salting and drying. The 
process of preparing dried fish, when the technique is carried 
out correctly, is much less costly than the other means of 
preservation, and offers the following advantages: it does not 
require a large initial investment; it has superior nutritive 
value for the same commercial weight; it can be transported 
and preserved for long periods without affecting the cost ; and, 
finally and no less important, it can be done in a short time 
without much difficulty. It should be mentioned, however, 
that high-quality dried fish is difficult to obtain in tropical or 
subtropical climates; but, as there is no desire initially to 
compete with similar imported products, this does not imme- 
diately constitute a serious problem 
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DR. W. M. CHAPMAN (U.S.A.) endorsed the comments of Mr. 
Laredo, and stated that what is restricting utilization of the 
resource is not abundance, but the cost of getting the product 
into the "belly" of die consumer. This is the prime factor. 
Although many "under-nourished" countries live near a 
"resource", they may have little means to utilize it properly 



on account of economic limitations. 
DR. K. K. P. N. RAO (FAO): To say that many millions are 
actually starving to death, not merely suffering from malnu- 
trition, is an exaggeration. Malnutrition is quite different 
from starving to death. This factor should be elaborated in 
future collections of statistics. 




While the scientist, the engineer and the practical operator have enabled advanced countries to quickly and economically 
process fish for hitman needs, other countries are only gradually evolving from methods they have hitherto employed 
under their conditions. One big task is to accelerate the change to more satisfactory and quicker methods. This picture 
illustrates the task FAO is tackling: that of spreading knowledge of better methods of utilizing fish for human food. 
Dr. Rudolf Kraizer, Chief of the Fish Processing Section of Fisheries Division, FAO, visited Africa to experiment with 
improved methods of drying fish. The native method here shown coven four stages sun drying offish on the ground, 
then piling in stacks, next on wooden platforms and finally, in a shelter (see framework) in which, after it is covered with 
palm leaves, the fish will be finally smoked. In contrast Dr. Kreuzer used a simple plant consisting of a drying tunnel 
through which an engine and fan sucked air to dry it. By this means he produced prime quality dried fish in 24-36 hours 
against 10*14 days of the traditional method. (See also page 1 16.) 
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THE ROLE OF FISH IN HUMAN NUTRITION 

by 
B. C GUHA 

A large proportion of the world population suffers from undcr-nourishment, both in quantity and quality. Caloric intake per caput 
per day ranges from less than 2,000 to more than 3,000. Protein intake ranges from 40 to more than 100 g.; animal protein intake is some- 
times as low as 7 g. per caput per day, or even less in some countries. It is no wonder therefore that protein malnutrition is prevalent in 
many countries, and this affects in particular young children and infants. In many countries there is a shortage in the diet of calcium and 
of vitamins, especially of vitamin A and members of the vitamin B group. 

Fish contains proteins of high biological value, comparable with those of egg, milk and meat. The content of proteins, fat, minerals 
and vitamins varies between species; for instance, fat content varies from 6 per cent to 20 per cent. Fish oil has a higher proportion of un- 
saturated fatty acids than animal fat. It is also a good source of Ca, P, Fe, and a number of vitamins. Preservation and careful processing 
does not affect the nutrient value much. 

Fish consumption is low in many countries, where one would expect a more liberal supply. Unless technological methods are em- 
ployed for making fish and fish products available to the people without deterioration, and without considerable loss of nutritive value, their 
consumption cannot be increased to the extent which may be desired. The utilization of the by-products of fish processing, its scales and 
offal, would reduce the cost of the edible portion of the fish. This cost question is important in regard to the increased consumption of fish, 
as most consumers who like fish and would benefit by its consumption are quite often unable to buy fish in adequate quantities because or 
the price. 

LE ROLE DU POISSON DANS LA NUTRITION HUMAINE 

Une grande partie de la population mondiale souffre d'un taux alimentaire suboptimum & la fois en quantitd et en qualitd. La 
quantitd de calories journellement absorbdes par individu vane de moins de 2.000 a plus de 3.000; la quantitd de protdines de 40 a plus de 
100 g.; et celle de prot6ines animates atteint des chiffres aussi faibles que 7 g. par tftte et par jour, voire moins dans certains pays. On ne 
doit done pas s'dtonncr que la malnutrition protdique joue un r61e primordial dans de nombreux pays et qu'elle affccte particulitrcment les 
bdbds et les enfants. Dans de nombreux pays, le regime alimentaire prdsente un deficit en calcium et en vitamines, spdcialement en vitamine 
A et en vitamines du groupe B. 

Le poisson contient des protdines d'unc haute valour biologique, comparable a celle de 1'oeuf, du lait et de la viande. La teneur en 
protdines, en graisse, en mindraux et en vitamines varie scion les espdces; la teneur en graisse, par exemple, varie de 6% & 20%. L'huile de 
poisson prdscntc une plus grande proportion d'acides gras que les graisscs animales. Ellc est aussi une bonne source de Ca, P, Fe et d'un 
certain nombre de vitamines. La conservation et un traitement soignd n'affectent pas beaucoup la valeur nutritive. 

La consommation du poisson est faible dans de nombreux pays, ou Ton pourrait s'attendre & un approvisionnement plus large. A 
moins d'employer des techniques industrielles qui fournissent aux populations du poisson et des produits du poisson sans alteration et sans 
perte considdrable de leur valeur nutritive, on ne pourra pas accroitre la consommation au niveau souhaitable. L'utilisation des sous-produits 
du traitement du poisson, de ses dcailles et de ses ddchets, pourrait rdduire le prix de ses parties consommables. Le probleme du prix est 
important & 1'dgard d'une augmentation de la consommation du poisson, dtant donnd que la plupart des consommateurs qui apprdcient le 
poisson et voudraient en consommer sont souvent incapables d'cn acheter en quantitds suffisantes par suite de son prix. 

EL PAPEL DEL PESCADO EN LA NUTRICION HUMANA 

Una gran proporci6n del mundo esta desnutrida cuantitativa y cualitativamente. El consume de calorias por persona por dia varia 
de menos de 2.000 a mas de 3,000; el de protefna, de 40 a mas de 100 g. ; el de proteina animal es en ocasiones de solamente 7 g. por persona 
por dia e, incluso, menos en algunos paises. No es de extrafiar, por lo tanto, que la desnutrici6n proteinica sea prevalente en muchos paises y 
que esto afecte cspccialmente a 195 niftos pequeftos y de pecho. En muchos paises escasean en la alimcntacidn el calcio y las vitaminas, par- 
ticularmente la vitamina A y varias del grupo B. 

El pescado conticnc proteinas de elevado valor bio!6gico, comparable con las del huevo, carne y leche. El contcnido de proteina, 
grasas, minerales y vitaminas varia entre las especies; por ejemplo, el contenido de grasa varia de 6 a 20%. El aceite de pescado tiene una 
proporcidn mas elevada de acidos grasos no saturados que la grasa animal. Es tambidn una buena fuente de Ca, P, Fe y varias vitaminas. 
La conservaci6n y manipulaci6n cuidadosa no influyen mucho en su valor nutritivo. 

El consumo de pescado es bajo en muchos paises en los que se podria esperar un suministro mas abundante. A menos que se em- 
pleen mdtodos tecno!6gicos para poner a disposicibn del pueblo pescado y productos pesqueros que no estdn deteriorados y que no hayan 
perdido gran parte de su valor nutritivo, su consumo no puede aumentar al grado que serf a de desear. El aprovechamiento de los subproductos 
de la elaboracidn del pescado (visceras y escamas) reduciria el coste de la parte comestible. Esta cuestion del coste reviste importancia con 
respecto al aumento del consumo de pescado, ya que muchas personas, a las que les gusta el pescado y se benefictarian consumiendolo, no 
pueden adquirirlo en muchas ocasiones en cantiades adecuadas debido al precio. 



IT is unfortunate that, in spite of the great advances 
made in the knowledge of food and nutrition and 
in its application to raise the level of nutrition, 
the large majority of the human population is still living 
on a suboptimal nutritional level in the light of the dietary 
standards recommended by appropriate international 
and national bodies (1) (2). This relates both to qualita- 
tive and quantitative deficiencies in the diet in large 



areas of the world. The deficiencies are revealed by the 
national food balance sheets which give the amounts of 
food in each category available for consumption in any 
country from internal production after making allowances 
for seed and feed requirements, exports and imports, 
stocks, wastage, etc. This situation has been, by and 
large, confirmed by data obtained from diet surveys 
conducted on different groups of the population, though 
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the number of such data in different countries is not very 
adequate. 

The levels of both the production and consumption 
of food in the world are very uneven. The highest rate 
of consumption prevailing in a few countries is over 
3,100 calories per capita per day, whereas in some others 
it is below 2,000. The qualitative defect in the diet is, 
however, even more widespread than the quantitative. 
While in a few countries protein consumption is as 
high as 100 g. per capita per day, in many countries in 
Asia, Africa and South America, most of the calories 
are derived from cereals and starchy roots and tubers, 
and a relatively minor proportion from milk, eggs, meat 
or fish. The proportion of protein, particularly protein 
of animal origin, in the diet in these countries is, therefore, 
low. In some countries the amount of protein in the 
average daily diet is only 43 g. (4), of which a very minor 
proportion (about 7 g.) is derived from animal sources. 
Likewise, there is deficiency in regard to calcium, vitamin 
A and the vitamins of the 'B' group in many countries. 

Although frank deficiency diseases like scurvy and 
rickets are not common today, there is fairly widespread 
protein malnutrition in many countries. This occurs 
particularly in children, in the late weaning and 
post-weaning periods. It may be pointed out that the 
damage that may be done to the body in early life by 
malnutrition can hardly be made good later in life 
by correct or even by abundant feeding. The vulnerable 
groups of the population (viz., the children and the 
expectant and nursing mothers) have therefore to be 
looked after with particular care in regard to their food 
consumption according to optimum nutrition standards. 

It is well to remember that national averages of food 
consumption are made up of the figures for consumption 
of the best-fed as well as the worst-fed segments of the 
population. When these averages are low, it is clear that 
some parts of the population must be living at a very low 
nutrition standard indeed. It is, therefore, no wonder 
that children in such segments of the population are the 
first to suffer from protein malnutrition and other 
deficiencies. Even in better fed countries, like those of 
North America, Europe and Oceania, there are some 
groups of the population who are not consuming the food 
they need for optimum nutrition, sometimes for low 
income reasons and sometimes from lack of knowledge. 

It may also be recalled that mere freedom from 
deficiency diseases would not necessarily mean that one is 
living at the best possible level of health and efficiency of 
which one is inherently capable. There is, so to speak, 
a "no man's land" between freedom from disease and 
optimum health, which has to be conquered by planned 
action in regard to food and nutrition. 

THE NUTRITIVE VALUE OF FISH AND 
FISH PRODUCTS 

The consumption of fish, wherever available in sufficient 
quantities, can be expected to help considerably in 
correcting the state of malnutrition so widely prevalent in 



the world today. Fish is a highly nutritious food. It is 
particularly valuable for providing proteins of high 
quality comparable with those of meat, milk or eggs. 
This similarity is indicated by biological experiments as 
well as by direct amino-acid analysis. Figures for the 
essential (and related) amino-acid composition of these 
different foodstuffs, as reported (4), are given in Table I. 



Figures are given in ing* 



Argininc . 
Cystine 
Histidinc . 
Isolcucine . 
Leucine . 
Lysine 
Methionine 
Phenylalanine 
Threonine . 
Tryptophan 
Tyrosine . 
Valinc 



TABLE I 

of amino-dd per g. of nitrogen 



Egg 


Milk 


Meat 


Fish 


400 


230 


410 


360 


130 


50 


SO 


70 


160 


170 


200 


130 


360 


390 


320 


320 


560 


620 


490 


470 


420 


490 


510 


560 


190 


150 


150 


180 


330 


320 


260 


230 


330 


290 


280 


280 


110 


90 


80 


60 


270 


350 


210 


190 


450 


440 


330 


330 



These figures are, however, only indicative of the 
pattern of ammo acid composition of different animal 
proteins. Proteins of different species and varieties of 
fish differ to some extent in their amino-acid composition, 
and higher figures both for lysine and tryptophan for 
certain species have been recorded (5) (6). Results also 
vary depending on the method employed for amino- 
acid analysis. Generally, however, fish proteins tend to 
be higher in lysine and lower in tryptophan content 
than meat. Thus fish appears to supply a high-class 
protein comparable with those derived from other 
animal sources. Biological tests with animals and with 
human subjects confirm the high value of fish protein 
(7). Fish proteins have also been found nearly to equal 
casein in plasma protein-regeneration in depleted rats, 
and to be better than casein in promoting haemoglobin 
regeneration (8). However, much more detailed work on 
the proteins of different species of fish, including shell- 
fish and other marine animals, usable as food, is called 
for. 

Apart from quality, fish constitutes also quantitatively 
a good source of protein. The edible portions of fresh- 
water and estuarine fishes investigated in India contain 
about 14-25 per cent protein (6). In marine fishes also 
it varies from 9-26 per cent (6). Thus qualitatively and 
quantitatively, fish consumption might in a significant 
measure supplement the low-protein, high-cereal diet 
consumed in many countries of the world. Fish, includ- 
ing processed fish like fish flour, has been found to 
improve such diets (9). Cereal proteins are rather low 
in lysine and methionine, in both of which fish protein 
is relatively rich. Papers are being presented in this 
Conference reporting the value offish flour in supplement* 
ing high-cereal diets and also in combating protein 
malnutrition. 
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Different species and varieties of fish vary in regard 
to percentages of protein, fat, mineral matter and vita- 
mins (10). There are varieties of freshwater fish which 
contain as low as 0-6 per cent fat. Such fish should be 
useful in cases where a low-fat, high-protein diet is 
recommended. On the other hand, most fish contain 
higher proportions of fat. Some of the fatty fish have 
nearly 20 per cent fat. Fish oil has generally more 
unsaturated fatty acids than animal fats. Since poly- 
unsaturated fatty acids are beneficial in keeping down 
the cholesterol level of blood, fish and fish oils are 
likely to be particularly useful in this regard. This work 
has only recently begun and should be actively pursued. 
In this Conference some papers report the effect of the 
ingestion of fish and fish oils, both in experimental 
animals and in human beings. 

Fish is also a fairly good source of calcium and phos- 
phorus (4), particularly small fish which are eaten with 
the bones. It is also a source of iron and of a trace 
element like copper (4). Fish has also a fair proportion 
of the B-vitamins (4). In regard to most of these nutrients, 
fish would appear to be comparable with meat. Reports 
on the nutritive value of different species of fish in these 
aspects are, however, rather scanty, and more informa- 
tion in this regard is desirable. 

The nutritive value of processed fish and fish-products 
consumed in different countries of the world has also 
been reported to be high. Canning and freezing do not 
appreciably affect the protein value. Salted and sun- 
dried fish, and often fish meals as commercially produced, 
have also a high biological value. Smoking or dehydra- 
tion at temperatures not higher than 1 10F., or treatment 
with cathode rays for sterilization, does not significantly 
affect the ainino-acid composition offish proteins. Some 
fermented fishery products and fish pastes as consumed 
particularly in Asian countries are likewise good sources 
of valuable protein. The indigenous methods of pre- 
serving fish in both a nutritious and palatable form 
have stood the test of time. But more scientific and 
detailed work on the effect of the methods of preserva- 
tion, both traditional and modern, is desirable, consider- 
ing that millions of consumers have to depend on fish 
preserved in one way or another. 

PRESENT-DAY LOW CONSUMPTION OF 
FISH 

Fish is, therefore, a good food, the consumption of 
which deserves to be encouraged to promote the level 
of nutrition in the whole world, and particularly in 
countries consuming high-cereal and low-protein diets. 
Analysis of the present-day food consumption tables 
shows, however, that except in a very few countries 
like Norway, Chile and Japan, where figures for daily per 
capita consumption are of the order of 104, 82 and 60 g. 
respectively, fish and fish-products constitute a relatively 
minor proportion of the total diet in the world. Even 
in the aforesaid countries, where per capita consumption 



is the largest, it provides not more than 2-4 per cent of 
total calories, 10-17 per cent of total protein and 2-15 
per cent of the total fat content of the diet (1 1). In other 
countries, even those which have a long sea-board, the 
consumption of fish is less. In some countries like India, 
the production of freshwater fish is about one-third of 
that of marine fish, and consumer preference is quite 
often for the former. In attempts to increase the supply 
of fish, therefore, increased production of both marine 
and freshwater fish should be considered. 

Taking an overall view of the problem, it would appear 
that fish provides a valuable source of protein and of oil 
containing poly-unsaturated fatty acids. The latter are 
likely to be beneficial in keeping down the cholesterol 
level of blood. From published work, the proteins of 
fish appear to be comparable in biological value and in 
essential amino-acid composition with those of milk, 
meat and eggs. It is, however, desirable to carry out 
more detailed researches on different varieties of fish, 
including freshwater fish and shell-fish and other edible 
marine animals, and these should be particularly related 
to the amino-acid composition and the biological value 
of the proteins and to the fatty acid constituents of the 
fish oils. The nutritional effects of these proteins and 
oils and also of the fish as such, both on experimental 
animals and on human beings in different physiological 
and also pathological conditions, have to be studied 
both more extensively and intensively. The minerals, 
including trace elements, in fish and in its different 
organs should also be investigated. 

The consumption of fish in the world is low. It should 
be stepped-up wherever possible, and particularly in 
countries where a high-cereal, low-protein diet is con- 
sumed, because there appears to be a definite supplemen- 
tary relation of the proteins of fish to those of cereals. 
They have also been reported to have a definite value in 
combating protein malnutrition in early childhood. 
Fish is, however, a highly perishable material. It under- 
goes autolytic, micro-biological and chemical decompo- 
sition quite easily. The consumption of fish oils, which 
had deteriorated because of oxidation, has been reported 
to produce injurious results on animals. Since most 
countries consuming a low-protein diet are located in 
tropical and sub-tropical regions of the world, the 
consumption of fish in these areas can therefore be 
stepped-up only if the fish is properly preserved. Apart 
from the use of ice, which can preserve fish only for very 
short periods, the methods used in these different 
countries have been to salt fish, dry it, or prepare 
fermented products (pastes and sauces) out of it. Other 
methods like smoking and canning, which are not yet 
extensively used in these countries, may also be developed. 
Refrigeration is at present developing, but it is relatively 
costly both for preservation and for distribution. The 
development of dehydration, carried out under controlled 
conditions, to produce an edible fish flour of good 
quality, should be an important line of advance in future. 
For certain purposes the fish flour has to be deodorized 



41 



Fish in Nutrition: The Role offish 



completely; but some consumers prefer a fish flour 
with a slight flavour. 

Unless technological methods are employed for making 
fish and fish products available to the people without 
deterioration, and without considerable loss of its 
nutritive value, its consumption cannot be increased to 
the extent which may be desired. The utilization of the 
by-products of fish processing, its scales and offal, 
would reduce the cost of the edible portion of the fish. 
This cost question is important in regard to the increased 
consumption of fish, since most consumers who like 
fish and who would benefit by its consumption are 
quite often unable to buy fish in adequate quantities 
because of the price. 

We trust that this Conference, as the first international 
scientific conference of its kind, will provide pointers to 
future progress in regard to the scientific and technolo- 
gical aspects offish and fish products, and will thus make 
a contribution to the raising of the nutritional standard 
of large segments of the human population in the imme- 
diate years ahead. 
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The importance of fish in human nutrition and the interest taken in it is revealed in thb picture of a Mexican scene of a 
fishWy food demonstration. This resulted from the visit of FAO's n^niaitoting expert, John Fridthjof, Demonstrations 
of cooking fish organized by the Social Security Adminiitration were given in publk. The medical truck is accompanied 
by another containing a kitchen from which come samples of fishery dishes. 



THE ROLE OF FISH IN ANIMAL FEEDING 

by 
G. F. COMBS 

An increase in the production of animal feed products can do much to improve the nutritional status of man in many parts of the 
world. Foods of animal origin, including fish, have exceedingly high quality protein and also are relatively high in many protective nutrients. 

Properly processed fish meals are excellent protein supplements for animals, and supply unusually high amounts of amino acids, 
lysine and methionine, most likely to be limiting in rations for poultry and swine. Fish products are also rich in phosphorus, calcium, manga- 
nese, iodine, vitamin B ilv riboflavin, niacin and cholinc. Fish oils are rich in vitamins A and D. The nuuor rdle of fish meal in animal feed- 
ing is through the extension of short supplies of protein by providing critical amounts of supplemental lysine and methionine. Under such 
conditions, as much as 70 per cent of the critically limiting amino acid in the feed may be retained in the production of animal feed products. 

The actual usage of fish products in animal feeds is largely determined by economics, but levels up to 10 per cent fish meal can be 
satisfactorily used in starting and laying feeds for poultry and feeds for swine up to 150 pound weights. For swine and turkeys during the 
finishing period the level should be restricted to 2*5-5*0 per cent to avoid the possibility of off-flavours in the meat. 

The actual level of fish products used in animal feeds is dependent on several factors including the following: 

(1) development of intensive swine and poultry industries with increased use of nutritionally balanced complete feeds; 

(2) realistic and competitive pricing of fish meal in relation to other available supplements; 

S3) availability of fish meal in amounts adequate to insure constant supply; 
4) uniformity and level of quality; 

(5) availability and cost of other protein and amino acid supplements; 

(6) extent to which nutritional knowledge is applied in animal production. 

Probably the most serious deterrent to the production of animal food products for man is the failure fully to apply present techni- 
cal and scientific knowledge. This includes the sound application of nutritional information in the formulation of feeds designed for specific 
purposes. This involves the consideration of all aspects of nutrition, and particularly amino acid adequacy where fish products are concerned. 
It also requires the implementation of other advances, including better management, disease control, use of improved breeds and proper 
marketing practices if an efficient animal industry is to be realized. 

LE ROLE DU POISSON DANS L' ALIMENTATION ANJMALE 

Une augmentation de la production des aliments pour les animaux peut au mftme temps bien amtliorer la condition alimentaire de 
I'homme dans de nombreuses parties du monde. Les aliments d'origine animate, y compris le poisson, presentent des proteines de tres haute 
qualit^ et une teneur relatiyement tlevee en beaucoup d'6temews nutritifs protecteurs. 

Les farines de poisson convenablement traitees repntoentent des supplements prottiques excellents pour les animaux, et fournissent 
des quantites exceptionnellement 61ev6e d'acides amines, lysine et methionine, qui sont sans doute des facteurs limitants dans les rations 
pour la volatile et les pores. Les produits du poisson sont 6galement riches en phosphore, calcium, manganese, iode, vitamine BH, riboflavine, 
niacine et choline. Les huiles de poisson sont riches en vitamine A et D. Le rdle principal de la farine de poisson dans I'alimentation animale 
est de computer des faibles apports en proteines par des supplements appropries de lysine et de methionine. Dans ccrtaincs conditions, jusqu'& 
70% de 1'acide amine limitant critique de Taliment donn6 a Fanimal peut fttre rctrouve dans les produits qu'on obtient de celui-ci. 

L'usage pratique des produits du poisson dans les aliments pour animaux est largement determine par des considerations economi- 
ques, mais des taux attcignant 10% de farine de poisson peuvent tire employe's (Tune facon satisfaisante pour les petits poulets et les poules 
couvcuses et pour les pores jusqu'a 150 livres de poids. Pour le pore et pour les dindons, le taux de farine de poisson dans le regime de fini- 
tion devra 6tre abaisse a 2,5-5,0% pour eviter un arriere-gout possible dans le chair. 

Les quantites effectives des produits du poisson utilises en alimentation animale dependent de plusieurs facteurs, dont les suivants: 

(1) le developpement d'industries d'eievage intensives du pore et de la volatile, avec utilisation accrue d'aliments complcts et nutri- 
tionnellement equilibres: 

(2) un prix rtaliste et competitif de la farine de poisson & regard des autres supplements existants; 

(3) des quantites disponibles suffisantes de farine de poisson pour assurer un approvisionnement constant; 

(4) la regularity et le niveau de qualite; 

(5) les autres supplements en proteines et en amino-acides disponibles et leur prix; 

(6) la diffusion de la science des aliments dans ses applications & la production animale. 

II est probable que 1'obstacle le plus serieux a la production des produits alimentaires animaux pour rhomme consiste dans le deTaut 
d'une pleine application des connaissances techniques et scientifiques actuelles, et par exemple d'une application profonde des renseignements 
nutritionnels pour formuler des aliments a des fins specifiques. Ceci demande que Ton considere tous les aspects de la nutrition, et en particu- 
licr la convenance des acides amines, en ce qui coneerne les produits du poisson. Pour qu'une Industrie animale efficace soit realisee, il faut 
aussi mettre en jeu d*autres progres, y compris une meilleure organisation, la lutte contre les maladies, P utilisation de races ameiiorees et des 
pratiques commerciales mieux adaptees. 

EL PAPEL DEL PESCADO EN LA ALIMENTACION PECUARIA 

Un aumento en la fabricaci6n de productos para la alimentacidn de animates puede contribuir mucho a mejorar el estado nutritivo 
del hombre en muchas partes del mundo. Los alimentos de origen animal, inclusive el pescado, tienen una protcina de calidad superior y 
tambien abundan bastante en ellos muchos elementos nutritivos protectores. 

Las harinas de pescado bien fabricadas son excelentes comptementos de protcina para los animates* y suministran cantidades extra- 
ordinariamente elevadas de aminoacidos, lisina y metionina, que probablemente son los factores limitantes en las raciones para aves y cerdos. 
En los productos pesqueros tambien abundan fosforo, calcio, manganeso, yodo, vitamina BH, riboflavina, niacina v colina. Los aceites de 
pescado son ricos en vitaminas A y D. El principal papel desempeftado por la harina de pescado en la alimentacidn pecuaria consiste en 
meiorar un suministro escaso de proteina aportando cantidades crfticas de complementos de lisina y metionina. En tales condicioncs, hasta el 
70% de lot aminoAcidos limitantes criticos en la alimcntacion pueden ser recuperados en los productos pecuarios obtenidos, 

El empleo de productos pesqueros en las raciones para animates, lo determinan principalmente las consideraciones econ6micas ; pero 
concentradones hasta de un 10% de harina de pescado pueden emplearse satisfactoriamente en raciones de iniciaci6n y puesta para aves, y 
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en alimentos para centos hasta de 150 Ib. de peso. En el caso de los cerdos y los pavos, la concentration en el periodo final dcbera limitarse 
a cntrc 2,5-5,0% para evitar la posibilidad de que su carne adquiera sabor a pescado. 

La concentraci6n de productos pesqueros empleados en la alimentacidn pecuaria depende de varies factores, entre los que estan los 
siguientes: 

(1) desarrotio de intensivas industrias avicola y de oerda con el uso creciente de piensos completos equilibrados desde el punto de 
vista nutritive; 

(2) precios realistas y de concurrencia de la harina de pescado con respecto a otros com] 



(3) suministro de harina de pescado en cantidadcs adecuadas para asegurar una disponibilidad constante; 

(4) calidad etevada y uniforme; 

(5) disponibilidad y costo de otros complementos de proteinas y aminoacidos; 

(6) grado en que los conocimientos de nutrici6n se aplican en la produccidn pecuaria. 

Es probable que el mayor obstaculo a la fabricaci6n de alimentos de origen animal para el hombre sea que no se aplican a fondo 
los actuates conocimientos ticnicos y cicntificos. Esto comprende la aplicacion acertada de informaci6n sobre nutncidn en la preparaci6n de 
piensos destinados a finalidades especificas, lo que lleva ancjo el examen de todos los aspectos de la nutrici6n y en particular la suficiencia de 
aminoacidos en lo que se refiere a los productos pesqueros. Tambten cxige la puesta en practica de otros adelantos, inclusive una explotaci6n 
mas rational, lucha contra enfermedades, y empleo de razas mejoradas y normas de comcrcializacibn adecuadas si se desea lograr una in- 
dustria pecuaria eficaz. 



^ | ^HE unique value of foods of animal origin in up- 

1 grading the nutritional qualities of the diet for 
man is well recognized. Without exception, milk, 
eggs, meat and fish proteins have exceedingly high bio- 
logical value in comparison with most other proteins. 
These products are also relatively high in many of the 
vitamins, including thiamine and riboflavin. For this 
reason animal food products, when properly used in 
relatively small quantities, can improve vastly the 
adequacy of the entire diet. This is true both for man 
and for non-ruminant animals. 

In those areas of the world where an average of 80-90 
per cent of the energy is derived from cereal grains and 
other plant products, the occurrence of nutritional 
diseases such as beri beri, ariboflavinosis, and kwashi- 
orkor, are much more common than in others where the 
diet contains larger amounts of animal products, 
including fish. To be sure, it is most economical for 
man to consume fish products directly in supplementing 
all vegetable diets rather than to feed these to animals 
for the production of animal products. In many areas, 
however, the availability of fish products for humans is 
limited to the nearby coastal areas, due to the lack of 
inexpensive acceptable methods of preservation and of 
distribution inland. In such inland areas, the increased 
production of animal products is most helpful in improv- 
ing the adequacy of the total diet, especially for infants, 
young children, pregnant and/or lactating women and 
medical patients. 

It is most economic, also, for man to consume 
directly the grain, legume and other products of plant 
origin, rather than to convert them into animal products. 
This is especially true for energy, as little more than 
20-25 per cent of the calories fed to animals can be 
recovered in edible animal products consumed by man. 
Protein recovery is higher, ranging from 40 to 50 per 
cent in animal products, and retention of the critically 
important ammo acids is even greater. The recovery 
of methionine in the egg, for example, may be as high 
as 70 per cent of that previously fed to the hen. Since 
lysine and the sulfur amino acids are likely to be critically 
limiting in diets for pigs and poultry as well as for man, 



the conversion of fcedstuffs to animal products of high 
biological value involves the concentration of those amino 
acids and other protective nutrients most needed with 
comparatively little loss. Such products are quite 
effective as supplements to diets low in these essential 
amino acids. In this way, animal proteins can effectively 
extend the value of most available plant proteins. 

Other factors, such as the ability to utilize roughages, 
industrial by-products and "inedible" wastes, with the 
production of most acceptable, high quality, supple- 
mental foods of animal origin near the site of 
consumption by humans, are important reasons for the 
development of more animal agriculture in "under- 
developed" areas of the world. Diets for man can be 
adequate in amino acids and other protective nutrients 
without the use of animal products; but such diets are 
usually less acceptable and frequently no more economi- 
cal than are mixed diets balanced in nutrients from 
both vegetable and animal origin. The high concentration 
of the critical amino acids (sulfur amino acids, lysine, 
and tryptophan), vitamins and other protective nutrients 
in animal products is such that relatively small quantities 
are needed to improve greatly the diet of man. Thus, 
animal products may supplement foods that could 
never be used satisfactorily alone. Moreover, such 
foods, especially milk and eggs, are ideally suited for the 
feeding of infants and the sick. For these reasons, an 
increase in animal food production in many areas of the 
world can aid materially in correcting the widespread 
undernutrition which now exists. 

NUTRITIONAL CONTRIBUTIONS OF FISH 
PRODUCTS 

Just as fish and other animal products are of special 
value in supplementing the cereals and other vegetable 
foods consumed by man, fish products are equally 
important in the feeding of non-ruminant animals. 
Properly processed fish meals are among the very best 
sources of high quality protein for animals, and contain 
relatively high quantities of lysine and methionine. They 
are also rich in other essential amino acids, and supply 
important quantities of critical minerals (phosphorus, 
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calcium, manganese, iodine) and vitamins (vitamin 
B lt , niacin and choline). Condensed fish solubles 
contain exceptionally high levels of vitamin B ia , and 
supply important amounts of niacin, pantothenic acid 
and riboflavin. 

Both fish meal and condensed fish solubles have been 
reported to supply an "unidentified growth and hatch- 
ability" factors) of practical importance in rations 
containing little or no ingredients of animal origin. 
Despite the multiple nutritional values of fish products, 
their ability to furnish those essential amino acids which 
are most likely to be critically limiting in other commonly 
available proteins largely determines the amount which 
can be most economically used in the efficient production 
of animal products. 

In the past, fish products have contributed importantly 
in animal feeding by supplying various vitamins and 
minerals, not adequately supplied by cereal grains or 
plant protein supplements. Fish products have been 
used widely in starting rations for pigs and poultry, 
and in breeder rations for poultry because of their 
"unidentified factor" activity. With the rapid unfolding 
of nutritional discoveries of recent years, followed by 
the equally vigorous role of the manufacturing chemist, 
nearly all of the vitamins and minerals, critical for 
animal feeding, are now readily and economically 
available. This is true for the amino acid methionine 
(or the hydroxy analogue), and lysine also is available 
now as a supplement to animal feeds. 

In addition to the increased availability of most of 
these critically limiting nutrients, including vitamin B 12 , 
riboflavin, methionine and phosphorus, other advances 
have revealed the importance of zinc, selenium, molyb- 
denum, potassium, nutrient balance, ration potency 
and improved amino acid adequacy in performance of 



animals fed various rations. These developments have 
resulted in a marked improvement in rations for poultry 
and swine. At the present time, the "unexplained 
responses" in growth and hatchability, as a result of 
using "unidentified factor supplements", have been 
greatly reduced or even eliminated. 

Even now, fish products usually improve the growth 
rate of young chickens and turkeys to a slight extent 
when used at levels of 2*5 or more per cent in practical 
feeds. Such minimal usage is justified at present on the 
basis of unidentified factors; but further advances in 
nutrition can be expected to lead to the identification 
and manufacture of the responsible nutrient(s) in the 
future. 

Accordingly, the long-term use of fish products for 
animal feeding must be justified primarily on the basis 
of the value of their known nutritional contribution in 
relation to cost and availability from other sources. 
The value as sources of critically important vitamins 
and minerals in animal-feeds can be readily determined 
in terms of the cost of these nutrients from other sources. 
Of major importance, however, is the ability of fish 
products to supply those amino acids which are most 
likely to be critically limiting in other available proteins. 

Extending critically short protein supplies 

Not only is protein in short supply in many parts of the 
world, but the proteins of cereal grains and most other 
plant protein concentrates fail to supply fully the amino 
acid needs of poultry and swine. For poultry, the sulfur 
amino acids (methionine and cystine) or lysine are 
frequently limiting in plant protein mixtures. For swine, 
lysine and tryptophan more commonly may be critical. 
In general, cereal grains are low in all three of these 
amino acids. Soybean oil meal, widely used in animal 



TABLE I 
Critical amino add content of proteins fn 



Ingredient 

Animal Protein Supplements 

Herring fish meal 

Sardine fish meal 

Menhaden fish meal 

Meat scrap 

Tankage . 
Plant Protein Supplements 

Soybean meal . 

Cotton seed meal 

Peanut meal 

Cocoanut meal . 

Corn gluten meal 

Sunflower seed meal 

Sesame meal 
Cereal Grains 

Corn 

Oats 

Milo 

Wheat 

Barley 

1 Based on data by Almquist. 



Methionine 

2-8 
3-0 
3-0 
1-3 
1-1 

1-4 
1-5 
0-9 
M 
2-4 
3-4 
3-1 

2-0 
1-5 
1-6 
1-3 
1-4 



Expressed as per cent of protein 1 
Methionine 
+ cystine Lysine Tryptophane Glycine 



3-7 
3*8 
3-8 
2-6 
1-9 

2-9 

3-5 

2-4 

? 

3*8 
5-0 
4.4 

3-7 
3-3 
3-1 
3-0 
3-1 



9-0 
9-0 
9-0 
6-8 
6-0 

6-4 
4-2 
3-6 
3-2 
1-7 
40 
2-9 

2-2 
4-1 
3-0 
3-1 
3-3 



1-3 
1-3 
1-3 
0-7 
0-7 

1-5 
1-3 
1-0 
0-9 
0-5 
3 



-0 
3 
2 
2 
2 



7-5 
7-1 
7-0 

13-2 
7 

5-3 

5-3 

5-1 

? 

3-5 
6-0 
9-3 

3-3 
4-2 
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TABLE II 
Comparable rations for laying bent, Utartrating the role of fish meal and DL-methtootoe 

Amino acid source 

Corn 

Dhy, alfalfa meal, 17% 
Soybean meal, 50% .... 
Fish meal, 60% .... 
DL-raethioninc 

Nutrient Content 

Crude protein, % .... 

Met.cal./lb 

Methionine 

Methionine + cystine 

Lysine 

Tryptophan 

feofoutine 

Crude protein 

1 Based on author's method. Underlined values are considered just adequate for 80 per cent production of 2-ouncc 

i by 4-pound hens in the fall. 



Layer rations 


Per cent Composition 




66 


70-5 


75 


78-2 




t 


2-5 


2-5 


2-5 


2-5 




t 


23-3 


18-8 


14-3 


7 




. 








_ 


5 










0-03 


0-06 


0-02 






17-6 


15-6 


13-6 


13-3 






. 1343 


1365 


1386 1416 


G. per Therm Met. Energy 


Jb 


t 


0-96 


0-96 


0-96 


0-96 


0-96 


. 


F84 


PR 


F72 


F73 


1-64 


t 


3-04 


2-54 


2-04 


2-16 


2-02 




0-84 


0-72 


039 


0-54 


0-47 




2-82 


2-48 


2-13 


2*03 


2-02 


t 


61 


52-8 


44-5 


4IT 






feeding, is a very good source of lysine and tryptophan, 
but is low in sulfur amino acids. Sesame meal and sun- 
flower seed meal are rich in sulfur amino acids and 
tryptophan, but are low in lysine. Meat scraps and tank- 
age are good sources of lysine, but may be low in trypto- 
phan. Fish protein, on the other hand, is an excellent 
source of all three of these amino acids, particularly 
methionine and lysine. A comparison of the content of 
critically limiting amino acids in proteins from plant and 
animal origin is given in Table I. These values are ex- 
pressed as per cent of the protein and may be compared 
directly. 

Accordingly, the problem of meeting the amino acid 
needs of poultry and pigs involves more than merely 



supplying a recommended level of protein in their 
ration. Intelligent use of the proper combinations of 
proteins can do much to extend the effectiveness of the 
presently available protein supplies throughout the 
world, for both animals and man. Since fish protein 
contains unusually good levels of methionine and 
lysine, fish products are particularly useful in supple- 
menting cereal grain and other plant protein. 

Not only is fish protein ideally suited to extend the 
amino acid adequacy of other available protein supplies; 
but whereas the hope for rapid increases in the supply of 
other animal projects is not great, it appears that consider- 
able increases in the production offish protein for animal 
feeding can be expected. 
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Another way to extend the effectiveness of plant 
proteins in animal feeding is through the use of amino 
acid supplements per se. Fortunately, DL-methionine 
and its hydroxy analogue are available to supplement 
directly feeds critically limiting in methionine. This 
is commonly done in poultry containing soybean meal 
as the major source of supplemental protein* Lysine 
also is available now for addition, and future reductions 
in price may render it economical for widespread use, 
especially in pig-feeds. In rations, however, where 
both methionine and lysine are limiting, the cost of the 
amino acid supplements must be considerably reduced 
in order to compete economically with good quality 
fish protein as a means of supplying these essential 
amino acids. 

Tables II and III show the amino acid sources in rations 
for laying hens and starting broilers, respectively. These 
contain corn, soybean meal and fish meal as primary 
protein sources, and have been fed at the University 
of Maryland without differences in performance. These 
rations vary widely in total protein, but all are considered 
adequate in essential amino acids, a few of which are 
given. Such formulae illustrate clearly the potential 
rdles of fish meal and methionine in extending greatly 
the value of vegetable proteins. Actually, corn and 
soybean meal protein is low in sulfur amino acids only, 
while most other plant proteins available for feeding 
are also quite low in lysine, an amino acid abundantly 
provided by fish protein. Unquestionably, fish protein 
occupies a unique position in its ability to supplement 
and extend proteins of plant origins and greatly improve 
the production of animal products available for man 
throughout the world. 

The importance of balance interaction between fish 
and other proteins in studies with chicks has been 
reported by Laksesvcla (4). Herring solubles were 
found to improve herring meal; but introduction of 
certain cereals and peanut meal quickly converted the 
beneficial effect of the solubles into a negative one. 
Further replacement of soybean meal protein for peanut 
protein reversed this situation again. In this work amino 
acid supplementation revealed that the differences 
could be explained entirely on the basis of amino acid 
levels and balance. This report stresses the practical 
importance of skilful combination of different protein 
sources. 

Extent of use of fish products 

The use offish meal has been greatest in those European 
countries, and in the United States, where animal industry 
is more intensified. Over the years, higher levels of fish 
products have been used in animal feeds in the European 
countries than in the United States, largely for economic 
reasons. Processed soybean protein has been available 
in the United States in recent years and has become 
a dominant protein source for pigs and poultry. Soybean 
protein and supplemental DL-methionine or hydroxy 
analogue made possible the formulation of satisfactory 



rations with little or no animal protein supplements. 
In most starting and breeder feeds for poultry, minimal 
levels of 2-5 per cent fish meal or 1 per cent condensed 
fish solubles are still commonly used as a means of 
supplying "unidentified factors'*. Little fish meal has been 
used in swine rations in the United States, although 
condensed fish solubles have been used to some extent. 
Recently, considerably more fish meal is being used for 
poultry and pigs, due to more favourable prices in relation 
to other high protein feedstuff's. In Europe, pig and 
poultry feeds may contain as much as 10 per cent fish 
meal. 

The actual level of fish products used in animal feeds 
is dependent on several factors including the following: 

(1) development of intensive swine and poultry 
industries with increased use of nutritionally 
balanced complete feeds; 

(2) realistic and competitive pricing of fish meal in 
relation to other available supplements; 

(3) availability of fish meal in amounts adequate to 
insure constant supply; 

(4) uniformity and level of quality; 

(5) availability and cost of other protein and amino 
acid supplements; and 

(6) extent to which nutritional knowledge is applied 
in animal production. 

The maximum levels of fish products which can be 
tolerated by animals are expressed best in terms of 
amount of fish oil they supply in the total ration. The 
level of oil which can be tolerated without imparting 
off-flavours to the flesh of poultry and pigs appears to 
vary with the type of fish and processing method. In 
a study conducted at Storrs, Connecticut (Carlson 
et #/., unpublished), broiler chickens reared to 8 weeks 
on diets containing as little as 1 per cent crude Menhaden 
oil and 5 per cent Menhaden fish meal were rated 
unfavourable because of fishy flavours by a taste-test 
panel. Broilers fed rations containing 0-5 per cent crude 
Menhaden oil were not different from those fed a control 
diet. No complaints because of fishy flavours were 
reported for meat of broilers fed the diets containing 
added crude ocean perch oil at either 1 or 2 per cent 
levels. 

Reports of fish flavoured eggs are much more difficult 
to interpret, although one recent study indicated that a 
ration containing as little as 9 per cent of a commercial 
herring fish meal produced eggs with fishy odours in from 
1 1 to 1 5 per cent of the eggs. By changing the feed to one 
containing no fish meal, the occurrence of fishy flavoured 
eggs disappeared. Other reports exist where consider- 
ably higher levels have failed to cause fish flavoured 
eggs. Lea, Parr and Carpenter (6) detected no tainted 
meat or eggs of hens fed fresh or oxidized herring meal 
for 2 months at a level of 8 per cent in their diet. It 
is considered desirable, generally, to restrict the level 
of fish products in the diet of poultry to one which does 
not supply more than 1 per cent total fish oil in the ration. 



47 



Fish in Nutrition: The Role of Fish 



Approximately the same criteria appears to be satisfac- 
tory for pigs, since levels of about 8-10 per cent Men- 
haden fish meal have been used with no noticeable 
adverse effects by the Bureau of Commercial Fisheries, 
United States Department of the Interior, College Park, 
Maryland. 

Excessive levels of raw fish also may be detrimental 
due to their content of the enzyme, thiaminase, which 
destroys thiaminc. Although not all fish contain thia- 
minase, this can be a problem particularly in the feeding 
of mink and other fur-bearing animals where raw fish 
is used. Because of this, it is not considered desirable 
to use more than 25 per cent raw fish in the diet of mink. 

The maximum level of fish meal which might be used 
can be stated as approximately 10 per cent for poultry 
feeds and 8-10 per cent in feeds for pigs up to 150 
pounds. After this, pigs do not require such a high 
level of supplemental protein. Levels of 2-5-5-0 per cent 
might be considered maximal from the standpoint of 
off-flavours during the latter part of the growing period. 
For turkeys during the finishing period, it is advisable 
also to restrict the level offish meal from 2-5 to 5 per cent 
of the ration, in order to avoid the problem of fish 
flavours in the meat. 

The actual level of good quality fish products, which 
should be used in the formulation of good nutritionally 
sound feeds for animals, should be entirely a matter 
of economics until the maximal level is reached and 
would be expected to differ greatly. Though this is 
easily said, it is somewhat difficult to estimate the relative 
value for fish meal as a source of nutrients in relation to 
other competing sources without rather detailed calcula- 
tions. It is totally wrong, for example, to divide the cost 
of fish meal by its protein content, and so arrive at a cost 
per pound of protein, since fish meal supplies many other 
economically important nutrients as well. Furthermore, 
protein varies markedly in amino acid make-up, as has 
been pointed out, and the supplemental feeding value of 
a particular mixture of amino acids such as that found in 
fish meal may be influenced greatly by the amino acid 
make-up of the remainder of the protein in the total 
ration. Furthermore, the supplemental value of fish 
meal changes with the level used in a particular feed. 
In broiler feeds, for example, the "unidentified factor 
activity" is of economic value only at minimal levels 
of usage. From 2-5 per cent to approximately 8 per cent 
in corn soybean meal type rations, its value is primarily 
one of supplying critically limiting amino acids which 
extend the effectiveness of the other available proteins 
in the feed. Above this level, the high quality protein 
of fish meal is of much less economic or nutritional value, 
as it is no longer required to improve the amino acid 
balance. This also is influenced by the protein level 
and quality of the initial ration. Hence, the manner in 
which fish meal is used can greatly influence its value 
and the level most economical for use. 

Proper use of linear programming procedures for 
formulation of animal feeds provides a means for the 



feed manufacturer to appraise the relative worth of 
various ingredients as sources of critical nutrients. As 
this practice becomes more prevalent, it will be easier to 
determine the proper levels of each ingredient to use for 
most economical formulation of animal feeds. Even 
this procedure, however, can be misleading, unless 
proper information is used in the programming, pro- 
vided that arbitrary decisions are not made which will 
modify wrongly or prevent the best solution. 

Where machine calculations are used to determine the 
best combination of feed stuffs to meet fully the nutritional 
needs of animals at the lowest cost, every effort should 
be made to state requirements properly. For example, 
if one requests the machine to formulate a broiler feed 
with a minimum of 24 per cent protein and 1,430 calories 
of metabolizable energy per pound, when 22 per cent 
protein can be adequate provided it is of high quality, 
the arbitrary protein level causes the machine to select 
a ration with the higher level. This might or might not 
be the most economical feed. If this arbitrary restriction 
is replaced by requirements for amino acid content, the 
calculation will be influenced more by the amino acid 
make-up of various available protein-rich ingredients. 

Another approach as a means of comparing the relative 
value of different feed ingredients, based on their 
nutrition contribution, is that of calculating the Partial 
Nutritional Worth (3). This method is designed to 
calculate the relative values of feed ingredients for use 
in starting feeds for poultry and, in addition to energy 
and protein values, the levels of vitamin A, riboflavin, 
pantothenic acid, choline, niacin, vitamin B ia , calcium 
and phosphorus are considered of critical importance. 
This procedure involves the calculation of the relative 
partial worth of each ingredient based on its contents of 
these critical nutrients, energy and protein. Energy 
and protein values are determined by using reference 
ingredients (such as corn and soybean meal) with two 
equations and two unknowns. With this method, the 
Partial Nutritional Worth of fish meal or any other 
ingredient may be calculated for a given market situation 
at a given location and compared with its actual market 
price. Certain factors cannot be evaluated directly by 
this method, such as differences in protein quality, 
unidentified growth factor activity, effect on potency 
of the feed, toxic substances, etc. Nevertheless, special 
calculations may be performed as required to consider 
the additional values of any particular ingredient, 
including special amino acid contributions. 

Certainly the availability of other protein supplements 
can be expected to influence the use of fish proteins for 
animal production. Combinations such as soybean 
meal plus DL-methionine or its hydroxy analogue can 
largely eliminate the need for fish products in animal 
feeds in certain areas, if economics so dictate. However, 
peanut meal or cotton-seed meal can be used satisfac- 
torily in feeds in only limited amounts and in combination 
with other feedstuffs. The use of these, therefore may 
increase the need for fish meal, since these proteins are 
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deficient in both lysine and mcthionine. Animal proteins, 
in the form of tankage and meat scraps, are somewhat 
limited in supply and are considerably lower in methio- 
nine than is fish protein. With proper use of fish proteins, 
it should be possible to extend considerably the present 
limited supply of proteins for animal feeding. 

Oar challenge The proper application of knowledge 

As improvements in animal production are made, more 
animals will be fed complete rations designed to be 
more efficient. Such an increased use of balanced feeds 
would greatly extend the present limited feed supply for 
animals by preventing waste of feedstuff s through misuse 
in unbalanced feeds consumed by animals maintained 
under poor conditions. 

Even in the formulation of commercial feeds, there 
appears to be considerable room for improvement from 
the standpoint of assuring efficient and economical 
production. Meeting the requirements for most vitamins 
and minerals is seldom difficult to accomplish, but still 
is not always done. Special vitamin and mineral supple- 
ments are usually obtainable at relatively low cost, 
which permits marked flexibility in formulation. As 
far as protein and energy levels are concerned, however, 
the problem is frequently more difficult. Most of the 
cost of feeds is due to the cost of energy and protein. 
Furthermore, concentrated sources of feed energy for 
poultry and pigs are in short supply in many areas of the 
world. Where low fiber, high energy grains such as corn 
and wheat are not readily available for the use in feeds, 
it is frequently difficult to formulate rations sufficiently 
high in energy content to support the most rapid growth 
of chicken broilers or starting turkeys, unless feeds are 
pelleted. 

Protein supplies for animal feeding also are critical in 
many countries. Furthermore, the amino acid quality of 
much of the available protein is poor for the feeding 
of non-ruminant animals. Far too much concern is 
given to protein level in feeds and too little to the amino 
acid content. Actually, the amino acid levels should be 
considered in relation to energy content and feed intake 
in the formulation of rations for non-ruminant animals. 
The energy needs of animals vary with several factors 
which largely determine feed consumption; hence, these 
factors affect feed intake and consequently the levels of 
other nutrients required in terms of per cent of the ration. 

Better information is rapidly becoming available 
which permits more careful formulation of rations 
designed to be adequate in amino acids, but still not 
wasteful of protein. In some countries, protein is rela- 
tively cheap, even at the present time, so that less concern 
is given to the most efficient use of it. However, with 
better distribution and use of feed ingredients, wasteful 
use of protein resources could be avoided, and the present 
scarce supplies could be extended greatly. The proper 
uses of fish meal protein and amino acid supplements 
are key factors in achieving such improvement. 

Not only should more attention be given to application 



of that which is already known, but scientists should 
continue to extend this information in many areas. For 
example, considerable improvement can be expected 
in expressing amino acid requirements of pigs and 
poultry in relation to direct physiological functions 
instead of as a percentage of their feed. In poultry, 
for example, the amino acid needs vary with maintenance 
needs, growth rate, egg production and body composi- 
tion. Furthermore, the estimating of energy needs and 
feed intake as functions of temperature, activity, rate of 
growth, level of production, egg size, body composition 
and other factors requires more study. Nevertheless, 
the sound application of the vast amount of knowledge 
now available can greatly improve the use of present 
feedstuffs for animal feeding. 

Another challenge to meet in relation to the use of 
fish products in animal feeding is the need for consistently 
high quality products. Even though fish meals are of 
good quality generally, considerable variation does exist 
from time to time. It is obvious that feed ingredients 
must be dependable sources of the critical nutrients for 
which they are primarily used, or their usefulness will be 
greatly curtailed. In this regard, not only high quality 
but uniformity of quality is important. Without better 
quality control and uniform production of high quality 
fish products, the degree to which the feed manufacturer 
can depend upon these products, as sources of lysine 
and methionine, will be impaired. Improved uniformity 
of feedstuffs is essential to most efficient formulation 
and use of available ingredients. 

The causes of the differences in quality of various 
fish meals is not completely known, but poor quality 
fish meals generally show lower protein and fat digesti- 
bility. The protein digestibility may range from 60 to 
90 per cent with most fish meals of good quality averag- 
ing 80 per cent or better. The digestibility of fat is also 
impaired, and perhaps may account for the impaired 
digestibility of protein and the difference in availability 
of amino acids (5). The addition of antioxidants delays 
these changes and has proved helpful in maintaining 
good quality fish meal over longer periods of time. 
In general, meals prepared from non-oily fish are 
consistently better in quality than meals prepared from 
oily fish, although these non-oily fish meals can be of 
poor quality and oily fish meals can be of high quality. 
Fish meal prepared from different species containing 
oils of different characteristics, therefore, would be 
expected to vary when lipid considerations are im- 
portant. Certainly, more research is needed to determine 
the actual causes of differences in quality. 

The importance of fish oil as a primary source of 
vitamins A and D both for man and for other animals also 
should be recognized. In the past, of course, fish meal 
was a by-product of fish oil production. Recently two 
other uses of fish oils have been suggested and deserve 
considerable attention. The first is its possible value 
as an unsaturated fat in reducing blood cholesterol 
level. The second involves the use of fish oil as a means 
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of supplying unsaturated fatty acids to young calves 
and beef animals as a means of improving growth rate 
and protein retention. 

Probably the greatest challenge in this area of food 
production is in the education of people. Only through 
basic education, and the extension of information 
already available in the practical production of livestock 
and poultry throughout the world, can rapid improve- 
ments in the nutritional health of man be expected. 
This challenge should affect many groups such as 
FAO in the implementation of their programs. . These 
should include the training of specialists in efficient 
animal production throughout the world. 
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DISCUSSION 

DR. C. L. CUTTING (U.K.): In discussing protein, we really 
mean amino acids. I do not feel we can justify feeding fish to 
animals at all. In view of FAO responsibility, it is regrettable 
that 95 per cent of fish meal is used by the U.S. and other 
countries where malnutrition is least. In many cases, poor 
distribution limits the availability of fishery products to coastal 
areas. To effectively utilize fish from coastal areas, preserva- 
tion techniques must be improved. I challenge the statement 
made by Dr. Combs that lack of preservation methods is the 
hampering factor. 

DR. G. F. COMBS (U.S.A.) agreed with Dr. Cutting, and 
stated that, in areas where production of fish is limited and 
transportation is poor, use of animal products is necessary to 
supply suitable proteins. 

DR. GEORO BOROSTROM (U.S.A.) strongly endorsed the com- 
ments made by Dr. Cutting, but amplified a few points. The 
tremendous gap between have and have-not nations was not 
yet fully recognized. Fish is approximately 12 per cent of total 
animal protein, but nourishes far more than this percentage of 
world population. To more than one billion people, it con- 
stitutes the chief source of animal protein. Milk and meat 
show the reverse pattern, and feed less millions than their 
percentage of the total would indicate. Fish is the protein for 
the poor, nationally and globally. The tremendous gap that 
now exists is best illustrated by the case of the U.S. If the 
entire world catch were fed to U.S., this would not provide 
more protein than U.S. now is getting through meat. It is 
most noteworthy that the largest producers of fish meal are 
the protein deficient areas such as tropical Africa (Angola, 
Congo, etc.). Some Latin American countries are almost 
equally deficient (Peru), whereas the consumers, Western 
Europe and U.S., are the best fed countries. Many people in 
the western world indirectly depend on the sea for their 
poultry, meat, milk, etc. One-third of the U.S. broiler produc- 
tion can be attributed to the sea. He was convinced that 400 



million people cannot continue to get the overwhelming part 
of the world's animal protein, while 2-5 billion are neglected 
and even deprived of this essential nutrient. This is our 
challenge. He knew of no other area of the food scene today 
where a marginal effort would have more substantial effect than 
just here. We have the methods, such as dried fish and fish 
flour. In future, the rich countries cannot expect to continue 
to use fish resources directly for animal feeding, but must be 
satisfied with refined waste products of the fish industry. 
Politically and economically, the present situation is absurd 
and will not persist. 

PROF. H. R. BIRD (U.S.A.): Several references to fish flour 
presage the eventual upgrading of some of the fish meal now 
used for animal feeding into a product suitable for human 
food. Animal feeding is a very opportunistic operation which 
makes use of whatever products and byproducts are available 
at suitable prices. Dr. Combs* paper indicated the alternatives 
available if the supply of fish meal for animal feed is decreased. 
We have been through this before with byproducts of the 
dairy and meat-packing industries which have been upgraded 
for human food use. 

DR. C. L. CUTTING (U.K.) : Is any use of fish in animal feeding 
justified? 

DR. B. C. GUHA (India): If offals and residues are processed 
for animal feed, this should reduce the cost of that part of the 
fish used as human food. Experience with dairy and meat- 
packing industries indicates that there is always some residue 
left to be processed for animal food. 
Miss RUTH M. LEVERTON (U.S.A.) wished to add to Dr. 
Combs* statement that the use of animal products to help 
meet protein needs is justifiable. It is possible, however, that 
we could meet amino acid requirements and still have serious 
malnutrition. Food sources of good quality protein are also 
sources of essential nutrients other than amino acids the 
same nutrients that are in short supply in diets of many 
population groups in the world. We are justified in emphasiz- 
ing ways of meeting nutritional needs with foods wherever 
possible rather than only from nutrients in isolated purified 
chemical form. 

PROF. HERNAN CABALLERO D. (Chile): We have a wealth of 
fishery resources off the coast of Chile and a fishing industry 
to make it available to our people. Chilean people use con- 
siderable amounts of fish, particularly in the fresh condition. 
I agree with Dr. Combs in believing that it is extremely 
important to study and improve diets for animal feeding. 
Present diets often are of poor quality and not always fed to 
animals of good quality. Fluctuations in price and in the 
supply should be controlled. We should intensify the use of 
fish meal and flour. In deciding whether to use fish for human 
consumption or for animal feeding, it would be best to follow 
both paths. 

DR. A. BACIOALUPO (Peru): Our fishing industry in Peru is 
young. It seems strange that Peru exports meal while her 
people are underfed. But now that the industry is well estab- 
lished, we must promote further fish consumption within our 
borders. Our educational and research efforts must be 
increased to do this. We must improve our channels of 
distribution and our support of research. In the university we 
are studying the use of fish in animal nutrition. 
DR. O. R. BRAEKKAN (Norway): We must remember that 
much of the vegetable protein is available to us because cattle 
diets are supplemented by fish meal. Thus the loss of energy 
and nutritive value is not at great as we assume. 
DR. A. J. VAN VEEN (FAO): Every nutritionist should be in 
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favour of encouraging humans to eat fish protein. However, 

we must recognize that economic conditions in some countries 

limit the application of preservation methods. Even minimum 

processing may make fish too expensive for some people. But 

fish flour offers considerable promise as an inexpensive protein 

supplement. This is a new and unknown food, however, and 

people must eat it because they like it. This will take time and 

education. 

DR. M. M. ABDEL KADER (U.A.R.): What percentage of the 

world population likes to eat fish? 

DR. R. KREUZER (FAO): It is not possible to generalize on the 

proportion of people that like to eat fish. It varies from 100 

per cent for Eskimos to almost nothing in some countries, and 

from 100 per cent in coastal areas to nothing in the interior of 

the same country. 

DR. G. M. DREOSTI (South Africa): The two vital problems 

of economic and food habits are beyond the scope of fishery 



technologists and nutritionists. If the underprivileged do not 
have enough money to buy even fish meal, then fish meal 
production will not help them. The problem is for the 
economist. The problem of incorporation of fish products 
such as fish meal in the diets of these people is again for the 
dietician, not the nutritionist. So two vital problems lie out- 
side the orbit of our work here. 

MR. HUGO LOREDO (Mexico): Fresh fish can be divided into 
three classes luxury, medium, and cheap. The last category 
supplies the immediate needs of most of the people. But 
industrialists do not have too much interest in altruistic 
motives. Possibly the governments should undertake such 
activities. In Mexico, the Government operates a plant that 
processes dried fish at 8 cents per 250 grams. 
PROF. S. KONOSU (Japan) disagreed with Dr. Guha and stated 
that he will give his opinions in Part HI. 




Animal feeding has improved greatly in recent years by the production offish meal in large quantities. 
A leader in the field of heavy production was south Africa, closely followed and surpassed in recent 
years by Peru. Picture shows elevator installed at a West African port carrying fish to the factory, 
while the southern hemisphere produces the greatest quantity of fish meal, it is mostly exported to 
the northern hemisphere for incorporation in foods for stock and poultry. Photo: Courtesy Atlantic 

Ocean Fisheries. 
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Section 1: PROTEINS AND GENERAL COMPOSITION 

PROXIMATE COMPOSITION OF FISH 

by 
MAURICE E. STANSBY 

(1) Efforts over the past century to establish the proximate composition of fish have been only partially successful, as many gaps in 
our knowledge still exist. 

(2) Lara variations occur in proximate composition, both from species to species and also from fish to fish of the same species. In 
addition, large variations occur in composition of different parts of the fish. 

(3) The protein content of fish, although averaging about 19 per cent, may vary from 6 to 28 per cent. Oil content may vary from 
0*2 to 64 per cent, ash from 0-4 to 1 -5 per cent, and moisture from 28 to 90 per cent. 

(4) A classification into five categories with respect to oil and protein contents of fish is proposed. Most species fall into the category 
of low oil and high protein content. 

(5) The cause of variation in the proximate composition of fish, often ascribed to such factors as geographical area or season, actually 
relates primarily to the feed ingested, to the metabolic rate, and to the mobility of the fish. 

(6) The approximate content of certain vitamins and minerals in fish has been briefly discussed. 

(7) Need for proximate composition of fish is currently greater than in the past, because of the trend for heart specialists to recom- 
mend diets requiring either low fat or a minimum of saturated fat, both of which can be obtained by using generous proportions 
of fish in the diet. Other needs for proximate composition data occur in various other fields of fishery technology, such as for 
calculating yield in the processing of various products. 

COMPOSITION IMMEDIATE DU POISSON 

(1) Les efforts realises durant le sieclc 6coul6 pour 6tablir la composition immediate du poisson n'ont et que partiellement 
couronnes de succes, car il existe encore de nombreuses lacunes dans nos connaissances. 

(2) De larges variations apparaissent dans la composition immediate non qeuletncnt d'unc espcce a 1'autre, mais encore d'un poisson 
a 1'autre a I'inttrieur d'une meme espcce. De plus, il existe de grandes variations dans la composition entre les diffferentes parties 
du poisson. 

(3) La tcneur en proteines du poisson, tout en presentant une valeur moyenne de 19 %, peut varier dc 6 a 28%. La teneur en 
hutle peut varier de 0,2 & 64%, les cendres de 0,4 a 1,5%, ct la teneur en eau de 28 & 90%. 

(4) On propose une classification en 5 categories en function des teneurs en proteine et en huile du poisson. La plupart des especes 
se placcnt dans la categoric a teneur faible en huile et haute en proteine. 

(5) Les causes de variation dans la composition imm&hjKe du poiuon, souvent attributes a des facteurs tels que la region geo- 
graphique ou la saison, le soot actucUement et principalement a la nourriture ing6r6e, au taux du metabolisme et a la mobility du 
poisson. 

(6) On dtudie brfcvement la teneur immediate en certaines vitamincs et en mineraux dans le poisson. 

(7) Le besoin de disposer de la composition immediate du poisson est plus important que par le passe, par suite de la tendance des 
cardiologues a recommander des regimes qui exigent spit peu de graisses, soit un minimum de graisses saturees, et qui peuvent 
$tre pbtenues, les unes et les autres, avec une large utilisation de poisson dans le regime. Des donnees sur la composition im- 
mediate du poisson sont aussi ndcessaires dans des secteurs divers de 1'industrie du poisson, comme par exemple pour les calculs 
de rendement dans le traitement de divers produits. 

COMPOSICION APROXIMADA DEL PESCADO 

<1) Los esfuerzos realizados durante un siglo para establecer la composicidn aproximada del pescado, solamente se han visto 

parcialmente coronados el 6xito. puesto que aun existen muchas lagunas en nuestros conocimientos. 
<2) Existen grandes variaciones en la composici6n aproximada, no s61o de una especie a otra, sino tambien de un pez a otro de la 

misma especie. Ademas, tambien existen grandes variaciones en la composicidn de las diversas partes del pescado. 
<3) El contenido de protcina del pescado, aunque con un valor medio de 10 %, puede variar de 6 a 28 % ; el de aceite puede variar de 

0,2 a 64%; el de ceniza, de 0,4 a 1,5%; y el de apua, de 28 a 90%. 
<4) Se propone una clasificaci6n en 5 categorias, en tuncidn del contenido de aceite y proteina del pescado. La mayor parte de las 

especies estan comprendidas en la categoria de bajo contenido de aceite y alto de proteina. 

(5) Las causas de las variaciones en la composkn6n aproximada del pescado, aunque atribuidas con frecuencia a factores como 
zona geografica o estaci6n. se relacionan real y principalmente con el alimento ingerido, metabolismo, y movilidad del pez. 

(6) El contenido aproximado de ciertas vitaminas y minerales en el pescado se examinan brevemente. 

(7) La necesidad de disponer de una composici6n aproximada del pescado es actualmente mayor que en el pasado, debido a la 
tendencia de los caroi61ogos a recomendar dietas que exigen pocas grasas o un minimo de grasas saturadas, condiciones ambas 
que pueden obtenerse empleando generosas proporciones de pescado en la alimentaci6n. Los datos sobre la composici6n aproxi- 
mada son tambien necesarios en otros sectores de la tecnologia pesquera, por cjemplo, para calcular el rendimiento en la elabora- 
ci6n de diversos productos. 



A BOUT 30 years ago, when I was starting my career per cent oil in the edible flesh, analysis of samples of this 

LI in the old U.S. Bureau of Commercial Fisheries species from the local commercial catch indicated that 

JL Vlaboratory at Gloucester, I found a situation which the average oil content was about two to three times this 

at that time surprised me very much. Whereas all the amount. 

nutrition and composition tables showing data for fish Even 30 years ago, proximate composition was con- 

Jndicated that the common mackerel contained only 6 sidered to be such an elementary sort of thing that 
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scientists felt they ought to spend their time on something 
requiring more skill. Surely, so the argument went, 
proximate composition of all important commercial 
species of fish must be known, since it involves only the 
simplest techniques well understood for over half a 
century. Despite this argument, I kept finding evidence 
that the erroneous value for the oil content of mackerel 
was not an isolated instance; in fact, for some important 
species, I could find no data on proximate composition at 
all. Accordingly I have had great interest since that time 
in learning more about this subject. 

Our laboratory at Seattle is at present engaged in a 
long-term investigation of proximate composition. We, 
of course, recognize that other information on more 
specific components in fish is needed, and in fact we are 
investigating some of these components, such as the fatty 
acids contained in fish oils. Yet we believe that a know- 
ledge of proximate composition is so basic to many 
problems that more information should be obtained on 
it as well. 

The main obstacle to establishment of proximate 
composition figures has been the relatively large variation 
in values, especially for the oil content, from species to 
species and also for individual fish or lots of fish of the 
same species taken at different times or under different 
conditions. This variation is so great that in many 
(perhaps most) instances in which proximate composition 
has been reported in the literature for a certain species, 
the results are not representative, but are merely analyses 
of a few isolated lots with little relationship to the true 
average composition. In fact, average values for proxi- 
mate composition offish often have little meaning. What 
is needed is the establishment of ranges of values. 

Some of the most complete investigations of proximate 
composition of fish were made nearly a century ago. 
Atwater (1), during the 1880s, carried out a comprehen- 
sive survey of proximate composition of about 65 species 
of American food fish. Miescher (5), about 1870, carried 
out an exhaustive study of the composition of Rhine 
salmon during the spawning migration. 

Most present-day ideas about such old studies are 
that the analytical methods were unreliable. This belief 
is untrue. To prevent oxidation, for example, Atwater 
dried his samples under hydrogen before extracting the 
oils. The only valid criticism of these earlier studies is 
that the importance of variation from sample to sample 
within a species was not recognized, and in many 
instances either too few samples, or samples taken at a 
season not representing commercial operations, were 
analysed. On the other hand, owing to less restrictions 
on lengths of reports, these earlier papers give full details 
as to the history of the samples used. 

Much of the analytical data on proximate composition 
accumulated in recent years for fish has been published in 
such a way that it is impossible to determine whether 
adequate samples were used. This statement is especially 
true for many reviews (3, 8, 9) in which averages and 
ranges art cited without giving any indication of the 



sampling procedures. Sometimes ranges are quoted that 
are based upon analyses of only two samples. 

The purpose of the present article is to discuss (i) 
variation in the composition offish, (ii) the causes for the 
variation, (iii) the application of proximate composition 
knowledge, (iv) the vitamin and the mineral content of 
fish, and (v) the needs for future work. 

No attempt will be made to give tables listing values of 
proximate composition of various species because, in my 
opinion, current knowledge is not complete enough to 
permit compilation of the values in anything like final 
form. Although proximate composition normally refers 
to analyses for protein, oil, moisture, and ash only, brief 
consideration will be given, on a general basis, to mineral 
and vitamin content. 

Variation in composition of fish 

Table I gives the ranges and "average" proximate com- 
position for the edible portion of fish without regard to 
differences in species. A very wide range of more than 
300-fold occurs in the oil content. Moisture, protein, and 
ash contents exhibit much smaller variation of less than 
five fold. 

TABLE I 
Proximate composition of edible portion offish 

Statistic calculated Moisture Protein Oil Ash 



Average . . 74*8 19 5 1-2 

Range . . 28-90 6-0-28 0-2-64 0-4-1-5 
Ratio high to low 3-2 4-7 320 3-8 

Note: By "edible portion of fish" is meant the skin-free and bone- 
free fillet. 



We can arbitrarily consider that (i) when the content of 
oil in the fish is under 5 per cent, the species is of low oil 
content; (ii) when between 5 and 15 per cent, of medium 
oil content; and (iii) when above 15 per cent, of high oil 
content. Similarly, we can arbitrarily consider the pro- 
tein content of fish to be low if it is less than 15 per cent, 
and high if between 15 and 20 per cent. In the few 
instances when the protein content lies above 20 per cent, 
we can consider it to be very high. 

Most species of fish have, using these criteria, either 
low oil and high protein (category A, Table II) or medium 
oil and high protein (category B, Table II). Three other 
categories occur occasionally. In category C, fish may 
have high oil and (usually) low protein; in category D, 
low oil and very high protein; and in category E, low oil 
and low protein. Although these are arbitrary divisions 
that sometimes overlap, they furnish a convenient basis 
for classifying proximate composition of fish. 

Category A, in which fish have low-oil and high-protein 
content, is the category in which most fish are found. 
Many of the species in this category have oil contents 
near the bottom of the range; that is, nearer to zero than 
to 5 per cent. The oil content of the edible flesh for most 
of the species in category A averages 2 per cent or less, 



56 



Proteins and General Composition 







TABLE II 
Types of fish 










Category 


; 
ype o fis 




Prototype 












Species 


Moisture 


Protein 


Oil 


Ash 








% 


% 


o/ 
/o 


% 


A 


Low oilhigh protein 


Pacific cod 


81-5 


17-9 


0-6 


1-6 




(under 5%) (15-20%) 


Gadus macrocephalus 










B 


Medium oil high protein 


Mackerel 


67-5 


18 


13 


1-5 


C 


(5-15%) (15-20%) 
High oillow protein 


Scomber scombrus 
Siscowet lake trout 


52-5 


11-3 


36-0 


0-53 




(over 15%) (under 15%) 


Cristivomer namacush siscowet 










D 


Low oil very high protein 


Skipjack tuna 1 


72-4 


26*2 


0-7 


1-5 




(under 5%) (over 20%) 


Katsuwonus pelamis 










E 


Low oil low protein 


Butter clams 


83-0 


13-3 


1-3 


1-9 




(under 5%) (under 15%) 


Saxidomus nut tall 











1 Analysis of light meat only. This part is the only one that is ordinarily canned. 



some important species containing well under 1 per cent. 
Most crustaceans fall into this category. 

Category B, covering species with oil contents between 
5 and IS per cent, includes a majority of the species not in 
category A. Although meat from farm animals is 
considered to be relatively lean, it contains 5 to 15 per 
cent oil, and accordingly would be placed in category B. 
There are almost no meats so lean as to correspond to 
category A, the low-oil-content category in which most 
fish are found. 

Category C consists of fish of high oil content and 
unusually low protein. Like category A, it includes some 
fish that ordinarily would fall in category B. The oil 
content, for example, of fish in category B varies quite 
widely, so that occasionally species normally in category 
B will contain less oil than usual and accordingly will fall 
into category A. More frequently, some of the species 
normally in category B will average higher than IS per 
cent oil. Since the protein content then also declines, 
these fish will correspond to category C. Few species, 
however, are so oily as invariably to fall in category C. 

Category D consists of species having unusually high 
protein content (over 20 per cent) and low oil content. 
Although only a few species fall into this group, several 
very important ones, such as tuna and halibut, are 
included in it. 

Category E, covering fish low in both oil and protein, 
includes primarily certain shellfish such as oysters. A 
few of the species that normally fall in category A may 
have sufficiently reduced protein content to push them 
into category E. Thus most flounders are in category A, 
but have a protein content near the lower (15 per cent) 
level. At certain seasons when levels of protein decline, 
some flounders may fall into category E. 

Table III indicates the category into which many of 
the important species of fish fall. As indicated above, for 
any given species, there may be overlapping into more 
than one category* When this overlapping is frequent, 
the fact has been noted under the column headed 
"remarks" in Table HI. 

Because my experience with proximate composition of 



TABLE 111 

Types of composition of some important species 
Species Category Remarks 



Anchovies 
Carp 

Cod 

Flounder 

Haddock 

Hake 

Halibut 

Herring 

Mackerel 

Mullet 
Ocean perch 
Pollack 
Rockfishes 
Salmon 



B 



A 
A 
A 
A 
D 
B 

B 

A 
A 
A 
A 
B 



Some caught at certain seasons or in certain 
localities may fall in category C 

Some caught at certain seasons or in certain 
localities may fall in category B 



Some caught at certain seasons or in certain 
localities will fall in category C 

Some caught at certain seasons or in certain 
localities may fall in category C 

Borders on category B 



Sardines 
Tuna 



Some species of salmon, chum (Oncorhyn- 
chus keta), Atlantic (Salmo salar), and 
pink (Oncorhynchus gorbuscha) may 
border on category A 
Some caught at certain seasons and in 

certain localities may be category C 
Albacore tuna (Cermo alalunga) when caught 
in certain areas is in category B. Bluefin 
tuna (Thunnus thynnus) borders on 
category B 

Whiting 

Clams 

Crabs 

Oysters 

Scallops 

Shrimp 

Category A - oil <5%, protein 15-20%; category B - oil 5-15%, 

protein 1 5-20 % ; category C - oil > 1 5 %, protein < 1 5 % ; category 

D = oil <5%, protein >20%; and category E oil<5%, protein 



B 



A 
E 

A 
E 
A 
A 



fish is limited to those of North America, there are many 
important species in other parts of the world with which 
I am unfamiliar. Accordingly, Table HI is far from com- 
plete with respect to coverage of species. Rather, it shows 
how the categories outlined in Table II can be applied to 
some of the commercially important species. 

Another type of variation in proximate composition of 
fish occurs between different parts of the edible flesh. 
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This variation may be from one part of the fish to another 
for example, from the head to the tail; or it may be a 
variation in composition of various types of tissue for 
example, light muscle and dark muscle or depot fat areas. 
There is generally an increase in oil content of the 
muscle in progressing from the tail portion toward the 
head (Table IV). This trend is more marked in relatively 
oily species of fish. 



TABLE IV 

Variation In oil content of edible flesh of pink salmon (Oncorhynchus 
gorbuscha), from bead to tall portion (6) 

Portion Moisture Protein Oil Ash 

/ / / V 

/o /o /o /o 

Nape. . . 75-9 18-8 4-8 1-1 

Center . . 76-2 19-8 3-5 1-2 

Tail ... 77-2 19-9 2-6 1-2 

Note: By "edible flesh** is meant the skin-free and bone-free fillet. 



With most species, two types of tissue, the light and the 
dark, occur. Dark tissue may be found, for example, in 
the flesh along the lateral line. The proximate composi- 
tion of this dark muscle (Table V) is generally consider- 
ably higher in oil, and lower in moisture and protein, than 
is that of the light muscle. 



Type of tissue 



TABLE V 
lofbghtmnddarktiMoeofediWefleriiofpink 

(Oncorhynchus gorbuscha) (6) 

Moisture Protein Oil Ash 



Light. . . 77-4 20-4 2-1 1-25 

Dark ... 69-9 17-5 12-5 1-20 

Note: By "edible flesh** is meant the skin-free and bone-free fillet. 



Fatty tissues comprising primarily oil occur in certain 
portions of the fish, notable in layers just beneath the skin. 
The proximate composition at such sites is obviously quite 
different from that elsewhere in the fish. 

There is an apparent inverse relationship between the 
oil and moisture content of fish, such that the sum of the 
moisture and oil percentages approximates 80 per cent. 
The summation of oil and water, however, is not neces- 
sarily constant; it may, in rare instances, exceed 90 per 
cent, and it frequently spans a range of 78 to 85 per cent. 

This relationship may be largely fortuitous. Obviously, 
in a sample having a very high content of oil, some com- 
ponents must be less than average to give the total of 100 
per cent for all components. Even if all other com- 
ponents were decreased proportionately to their content 
in order to compensate for the higher oil content, the 
major share in the decrease would be reflected in 
decreased moisture content which, of course, is the major 
component, being ordinarily about four times as high as 
the others. Actually, in most cases in which a high 
content of oil occurs, both moisture and protein contents 
are lower than average. With samples of extremely high 



oil content, the protein content may be less than 10 per 
cent. 

Causes of variation In proximate competition 

Although we customarily relate proximate composition 
to such factors as geographical area or season of the year 
at which the fish are taken, the ultimate cause of variation 
is primarily due to feed intake and to other related factors 
such as metabolism efficiency of the individual fish and 
the energy expenditure resulting from more or less active 
movement of the fish. 

Factors governing feed intake include such causes as 
(i) overstocking of fish within restricted waters thus 
limiting available feed, (ii) decrease or increase in normal 
amount of feed in the habitat of the fish, and (iii) failure 
of the fish to consume feed, as during the spawning 
migration. 

As was pointed out earlier, oil is the component show- 
ing the greatest variation in fish. In mammals, the fat 
content of the animal is correlated closely to feed intake. 
It has been shown by Brown and Tappel (2) that pathways 
of fat metabolism in fish follow closely that of fat in other 
members of the animal kingdom. There is accordingly 
little reason to doubt on theoretical grounds that a 
relationship between the feed intake of fish and their 
proximate composition exists. The relationship is sub- 
stantiated by many general observations. These include 
the well-known fact that, preceding the spawning 
migration of such fish as salmon, the oil content increases 
during feeding, and that during the migration period, 
when no feed is ingested, the oil content decreases 
markedly. In the late stages of the migration, the protein 
content also markedly decreases. 

Recent experiments at Torry Research Station (4) 
showed that, when live cod are starved by confining them 
without feed, the flesh develops a characteristic milky 
consistency, and the oil content declines. 

The content of oil in sheepshead, a lake fish, has been 
shown in our studies to be closely correlated with the 
availability of feed. Samples taken in overstocked, small 
lakes, where feed is not sufficiently available, had average 
oil contents of less than 1 per cent. Samples taken from 
rivers or large lakes where there was ample feed had 
average oil contents of 6-10 per cent. 

Thus both oil and protein content of fish can vary 
widely, depending upon the feed ingested. This factor, in 
turn, may be dependent upon natural feeding habits of 
various species of fish, availability of feed under local or 
temporal conditions, or upon some feeding habit such as 
that pertaining to fasting during the spawning migration. 

Applkatioiis of proximate composition knowledge 



The obvious application of knowledge on the proximate 
composition of fish has always been needed by dieticians 
in institutions concerned with mass feeding and by 
individuals interested in caloric content of foods for 
weight control. 
Recently, study of the relationship between the type of 
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fats ingested and arteriosclerosis, and the need for control 
of obesity, has made a knowledge of the proximate 
composition of fish in demand by heart specialists. Many 
of the specialists are recommending that their patients 
use generous quantities offish in the diet, both as a means 
of avoiding excessive consumption of saturated fatty 
acids and as a means for the patient to obtain adequate 
protein in the diet without taking in excessive fat, which 
might result in their becoming overweight. A better 
knowledge of proximate composition offish is needed to 
enable fish to be prescribed in such instances. 

Human dietary considerations are by no means the 
only reason why a knowledge of proximate composition 
of fish is required. Processors of animal feeds in which 
fish is incorporated also need a knowledge of proximate 
composition. Often they are interested in the composition 
of the whole fish. Thus, canners of cat or dog food fre- 
quently -incorporate whole industrial fish in their 
products. These products are standardized to close 
tolerances in protein and fat content. An accurate 
knowledge of seasonal and geographical variation of the 
available species of fish is needed in order for them to 
schedule the use of fish in such products. Similar con- 
siderations apply to the utilization of industrial fish in the 
feeding of fur-bearing animals. 

Processors of fish for making fish meal and oil need a 
knowledge of proximate composition for predicting oil 
yield. Similarly, preparation of fish flour and of other 
dried fishery products requires knowledge of proximate 
composition to determine if the yield of protein will be 
great enough to make the operation economically feasible. 

Vitamin and mineral content offish 

Data on proximate composition of fish is quite volumi- 
nous, even though it is usually not adequately documented 
as to sampling. Data on the content of other components 
that occur in lesser amounts is relatively meager. In this 
section, the content of minerals and vitamins in fish will 
be discussed briefly. Because of the paucity of data, no 
attempt will be made to discuss the content of such 
substances according to species, but rather only as to the 
content in fish in general. This statement is not to imply 
that there is no species variation. Undoubtedly there is, 
and it may be a large variation. In the absence of data to 
delineate such difference, the results can only be presented 
in a general way. 

Table VI presents data on the content of some vitamins 
in fish. As noted in the table, data on certain vitamins are 
so meager as to render any positive interpretation 
uncertain. The column headed "usual range" gives the 
best estimate of the range ordinarily encountered, from 
which any extreme values perhaps encountered only in 
very unusual, non-commercial species have been 
eliminated. 

Contents of the oil-soluble vitamins (A, D, and E) are 
shown in Table VI as the content in the flesh. The 
amounts shown apply only to species containing at least 
5 per cent oil. Many of these species (for example, cod) 



TABLE VI 
Vitamin content of edible Bert of fish 

Content 



Vitamin 



Units Average 



ft % 



25 



# 

Mg- % 


50 
120 


mg.% 
MB- % 


3 

1 


mg.% 
** 6 

s 


0-5 
500 
5 

80 


mg.% 

**B 

ilff *V r 

r* g /o 


3 
15 
12 



Usual range 
10-1 ,000 

10-100 
40-700 
0-5-12 
0-1-15 
0-1-1-0 
50-1,000 
0*001-8 
71-87 
1-20 
6-30 
4-35 



Vitamin A 1 . 
B vitamins 

Thiamine. 

Riboflavin 

Nfcotinic acid 

Vitamin Bt t 

Pantothenic acid 

Pyridoxine 1 

Biotin 1 . 

Folic acid* 
Vitamin C . 
Vitamin D 1 . 
Vitamin E 1 * 9 

(total tocopherol) 

1 For fish of medium or high oil content. 
1 Based on very scanty data. 

Note: By "edible flesh" is meant the skin-free and bone-free fillet. 



contain considerable quantities of these vitamins in the 
liver. In fact, lean species often contain far more of the 
fat-soluble vitamins in the liver than many of the more 
oily species contain in the flesh. 

Some of the visceral organs also contain larger quanti- 
ties of certain of the B vitamins than does the flesh. This 
distribution is particularly true for riboflavin and vitamin 
B u . 

In general, the content of the various B vitamins in the 
flesh of fish approximates to that in various meats, and 
the content of vitamins A, D, and E is higher for species 
containing considerable oil content. Vitamin C is not 
contained in fish to a large enough extent to be an 
important source of this vitamin. 

TABLE VII 



Mineral content of edible portion of fish 

Average 
Mineral 



content 
mg.% 

Potassium 300 

Chloride 200 

Phosphorus 200 

Sulfur 200 

Sodium 63 

Magnesium 25 

Calcium 1 15 
Iron. 1-5 

Manganese 1 

Zinc. 1 

Fluorine 0-5 

Arsenic 0-4 

Iodine 0-1 

1 Values are much higher (about 200 mg. %) for calcium in canned 
fish, since the bone is included. 

Note: By "edible portion of fish 1 * is meant the skin-free and bone- 
free fillet. 



Table VII lists the minerals found in fish to extents of 
1 mg. per cent or more. Some reports also show silicon 
to be present to an extent of about 2 mg. per cent, but 
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this concentration has not been sufficiently checked to be 
confirmed. 

Many elements occur in trace amounts (less than 1 mg. 
per cent). Only four of these (fluorine, arsenic, copper, 
and iodine) are listed in the table. In addition, almost all 
the elements that occur in sea water are found to some 
extent in fish. These elements include aluminium, barium, 
chromium, cobalt, lead, lithium, silver, strontium, 
titanium, and vanadium. 

No variation in content of the various minerals is 
shown in Table VII. In fact, as with other components, 
considerable variation occurs; but in most cases data in 
the literature are too meager to permit even approximate 
ranges to be indicated. 

A knowledge of the variation of the sodium content of 
fish is doubtless more important than is that of any 
other mineral constituent because of the importance to 
dieticians in hospitals and to others to be able to set up 
low-sodium diets. Thurston and Osterhaug (7) have 
reported quite extensively on this variation. For raw, 
unprocessed fish, sodium averages 58 mg. per cent in 
freshwater with a range of 48-77 mg. per cent for nine 
species studied. For 21 salt-water species examined, an 
average of 65 mg. per cent sodium was found with a 
range of 34-96 mg. per cent. Sometimes fish that have 
been processed have higher sodium contents because of 
addition of salt during processing. Thus frozen fish fillets 
or steaks that had been brine dipped before being frozen 
contained 165-215 mg. per cent of sodium. Similarly, 
canned fish to which salt was added contained 590-875 
mg. per cent of sodium. 

Needs for future work 

Our knowledge of proximate composition of fish is still 
incomplete. The question of how much data are needed 
for a given fishery or species offish, in view of the possible 
wide variation in composition with differing conditions, 
is difficult to assess. At our Seattle laboratory, we are 
attempting to obtain at least a minimum knowledge of the 



proximate composition of fish landed on the Pacific 
Coast of the United States. Our method consists in 
analysing from 10 to 16 individual fish of a given species 
per lot offish with two or three lots per year obtained over 
a period of two or three different years. When a high 
variation of oil content with season occurs, more frequent 
sampling is made. We sample both the edible portion of 
the fish and also the non-edible. In many instances, 
different parts of the edible portion are analysed 
separately. 

Even with these minimum sampling guides, we realize 
that full information on proximate composition is far 
from being achieved. Nevertheless, we feel that this is 
the maximum effort warranted under present conditions. 
Assays should be made for many other components 
besides those considered in proximate composition. Such 
substances as individual amino acids, fatty acids, and 
vitamins, however, require much effort and time. Since 
we believe that a knowledge of proximate composition of 
fish is basic, we are placing considerable emphasis on it. 

REFERENCES 

(1) ATWATER, W. O. (1892). U.S. Fish Commissioners 

Report 1888, 679-902. 

(2) BROWN, W. D., and TAPPEL, A. L. (1959). Arch. Biochem., 

85, 149-58. 

(3) Congres International d'Etude sur \e Rdle du Poisson dans 

? Alimentation. Paris (October 1950). 

(4) LOVE, R. M. (1961). Fishing News, No. 2488. 

(5) MIESCHER, F. (1897). HistochemischenundPhysiologischen 

Arbeisten, 2, 192-323. 

(6) THURSTON, C. E., and GRONINGER, H. S. (1959). Agr. and 

Food Chem., 7, 282-4. 

(7) THURSTON, C. E., and OSTERHAUG, K. L. (1960). /. Am. 

Dietet. Assoc., 36, 212-15. 

(8) VAN DER PIJST, M. P. J. Voeding 11, No. 6, 3-82. 

(9) VINOGRADOV, A. P. (1953). Elementary Chemical Com- 

position of Marine Organisms (English Translation), 
Sears Foundation for Marine Research, New Haven. 
Conn. 




Naturally some changes take place in the payability and composition of fish according to the methods of 

processing employed. But sound food value can always be maintained by applying proper methods. The 

picture shows cod being dried in Greenland for export to tropical areas. 
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AMINO ACID COMPOSITION OF FRESH FISH AND INFLUENCE 

OF STORAGE AND PROCESSING 

by 
FRITZ A. L. BRAMSTEDT 

Recent investigation indicates that muscles of fish and shellfish contain large amounts of free amino acids, the pattern of which is 
characteristic for the different species, Great differences are seen in the amount of the free amino acids only. The protein-bound amino 
acids show a very uniform pattern. 

The uniformity of the pattern of free amino acids makes it possible to investigate the influence of factors such as storage, spoilage 
and processing on the composition of the free amino acids. Recent investigations showed that the proteolytic and peptidase enzymes in fish 
muscle play an important pan in the degradation of proteins and peptides, especially during the initial stage of storage before the bacterial 
invasion takes place. 

Environmental conditions such as salt concentration of the sea water obviously influence only a few free amino acids, probably 
those involved in osmo regulation. 

Glycine is an important factor for the individual taste of the flesh of different fish species. It seems, however, that there might also 
be a relation between the individual taste of fish species and the free amino acids in the flesh. 

Biochemical changes in the free amino acids of fish muscle have been found occurring in the early stages of ice storage, even under 
optimal conditions on board modern fishing boats. Investigations showed, for example, thai lysine was the subject of the greatest quantitative 
variations. For example, the content of free lysine in cod muscle increased from 3*73 mg. per cent in first-quality fish to 24-25 mg. per cent 
in fourth quality. In fish unfit for human consumption the amount of lysine decreases in proportion as the malodorous substances increase. 
In order to obtain perfect preservation of fish flesh, it is essential to inhibit fish muscle enzymes. 

Although deep freezing is a very effective method for inhibiting enzymes, it was found that cod muscle enzymes were still active at 
- 17C, 

In ice storage the amount of free amino acids decreases until the fifth or seventh day, but increases when bacterial activities start. 
Investigations have shown that free j3-alanine occurs in cod muscle just after the fish has passed rigor mortis, and that most of it derives from 
de-carboxylation of aspartic acid. Very little is known about the influence of various processing methods on amino acids in fish muscle, and 
further work is urgently necessary. The same applies to the action of fish muscte enzymes, especially during the initial stages of spoilage. 

LA COMPOSITION EN AMINO-ACIDES DU POISSON FRAIS ET ^INFLUENCE DE 

L'ENTREPOSAGE ET DU TRAITEMENT 

Des travaux rdcents indiquent que les muscles des poiss$p, crustacfe et coquillages contiennent des quantites importantes d'amino- 
acides libres, dont la repartition relative oft caracteristique pour les diverges especcs et dont le montant seul prtsente de grandes differences. 
Les amino-acides life aux proteines montfent utie repartition trts uniforme. 

L'uniformite de la repartition relative des amino-acides libres fait qu'il est possible d'&udier 1'influence qu'ont sur leur composition 
des facteurs tcls que I'entreposage, ralteration et le traitemcnt. 

Des etudes recentes out montre clairement que les enzymes proteolytiques et les peptidases du muscle de poisson jouent un rdle 
important dans la degradation des proteines et des peptides, specialcmcnt au cours de la periode initiate cTentrcposage avant Pinvasion bac- 
terienne. 

Les conditions de milieu, telles que la concentration saline de la mer, n'influencent nettement que quelques amino-acides libres, 
probablcment ccux qui sont mis en jcu par la regulation osmotique. 

La glycine est un facteur important de la saveur particulicre de la chair dans les differentes especes de poisson. II semble cependant 
qu'il puisse y avoir une relation entrc la saveur particuliere d'unc espece de poisson et les amino-acides libres de sa chair. 

Des changements biochimiques dans les amino-acides libres du muscle de poisson apparaissent au cours des premiers stades de 
1'entreposage sous glace, m6me dans des conditions optimum, a bprd de bateaux de ptehe modernes. Les etudes ont montre, par exemple, 
que la lysine etait sujette a de grandes variations quantitative^. Ainsi, la teneur en lysine libre du muscle de morue s'accrott de 3,73 mg. % g. 
dans le poisson de premiere qualtte a 24,25 mg. % g. dans celui de quatriemc qualite. Dans le poisson impropre a la consommation humaine, 
la teneur en lysine decrott alors que les substances malodorantes augmentent. Afin d'obtenir une conservation parfaite de la chair de poisson, 
il est indispensable d'inhiber les enzymes du muscle de poisson. 

Quoique la conflation a coeur soit une methode tres efficace pour inhiber les enzymes, on a trouve que les enzymes du muscle de 
morue etaient encore actives a 17C. 

Au cours de 1'entreposage sous glace, le montant des amino-acides libres decrott jusqu'au 5 d -7" jour, mais s'accroit lorsque 1'activite 
bacterienne demarre. 

Des etudes ont montre que la ^-alanine libre apparatt dans le muscle de poisson juste apres que le poisson ait depasse la rigor mortis 
et qu'elle derive en grande partie de la decarboxylation de 1'acide aspartique. On sail peu de chose sur 1'influence des diverses mfthodes de 
traitement a regard des amino-acides dans le muscle de poisson, et un travail ulterieur est, d'urgencc, indispensable. Ceci s'applique egale- 
ment & Faction des enzymes du muscle de poisson, spetialement au cours des periodes initiales de ralteration. 

LA COMPOSICION DE LOS AMINOACIDOS DEL PESCADO FRESCO Y EFECTO DEL 
ALMACENAMIENTO Y EL TRATAMIENTO 

Investigaciones recientes indican que el tejido muscular de pescados y mariscos contiene grandes cantidades de aminoacidos libres, 
cuya distribucito es caracteristica para las diversas especies, en tanto que solo se aprecian grandes diferencias en la cantidad de aminoacidos 
libres. Los aminoacidos ligados a las proteinas muestran una distribuci6n muy uniforme. 

La uniformidad de la distribuci6n de aminoacidos libres hace factible investigar el efecto que factores como el almacenamiento, 
deterioraci6n y elaboraci6n tienen en su composici6n. Investigaciones recientes nan puesto de relieve que los enzimas protcoliticos y las 
peptidasas del tejido muscular del pescado desempefian un papel importante en la degradacidn de proteinas y peptidos, particularmente 
durante los primeros momentos del almacenamiento, antes de la invasi6n bacteriana. 

Condiciones ambientales, como la concentracidn salina del mar, es evidente que s61o influyen en unos pocos aminoacidos libres, 
probablemente los que participan en la regulacidn osmdtica. 
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La glitina es un factor importante en el sabor particular de la carnc de difcrcntes espeties de pescado; pero tambifo pareceexiftir 
una relation entre el sabor individual de una especie de pescado y los aminoacidos libres de su carnc. 

Los cambios bioqulmicos en lot aminoacidos libres del tejido muscular del pescado aparecen en los primeros momenta del alma- 
cenamianto en htdo, incluso en condiciooes optimas a bordo de pesqueros modernos. Las investifatioacs nan demostrado^ por ejemplo, que 
la lisina esta siycta a las mayores variaciones cuantitativas. Asi, el contenido de lisina libre en el tejido muscular del bacalao aumenta de 3,73 
mg.% en el pescado de pcimera calidad, a 24,25 mg.% en el de cuarta. En el pescado no apto para el consumo humano, la cantidad de 
lisma disminuye, en tanto que las substancias maloltentes aumentan. Con objeto de obtener una conservation perfecta de la came del pescado, 
es indispensable inhibir los enzimas del tejido muscular. 

Aunqueki^ngelacionafondoesunmetCKlomuyen 
contintian activos a 17C. 

Durante el almacenamiento en hielo, la cantidad de aminoacidos libres disminuye hasta el 5 6 7 dias, pero aumenta cuando se 
initia la actividad bacteriana. 

Las investigaciones ban demostrado que la /J-alanina libre aparcce en el tejido muscular del pescado inmediatamente despues de 
cesar la rigidez cadaverica, y que casi toda se deriva de la decarboxilaci6n del atido aspertico. Se sabe muy poco de la influencia de los 
diversos procedimientos de elaboration en los aminoacidos del tejido muscular del pescado, y es urgente realizar investigaciones ultcriores. 
Lo mismo se puede decir de la accion de los enzimas del tejido muscular del pescado, particukrmente en las fases initiates de la alteration. 



KCENT investigations have shown, that 
muscle, like sea food, contain high amounts of free 
amino acids (3, 12, 25, 27) varying from 1 to 5 g. 
compared to 100 g. protein-bound. In sea food from 
7 to 12 g. free amino acids were found. So invading bac- 
teria find sufficient free amino acids for growth and 
reproduction. This fact and the low content of connective 
tissue, just as the high water content, might be respon- 
sible for the rapid spoilage of fish. 

Comparing the chromatograms from 30 different fish 
species in our laboratory revealed a uniformity of pattern 
(25). This corresponds with Florkin's results (9). The 
above-mentioned changes under influence of different 
salt concentrations and temperature of the surrounding 
media are important enough to change the pattern in 
principle. This was confirmed by Japanese authors (13). 
Beside these factors, seasonal variations were found in 
some amino acids. The differences in the pattern are not 
as important as the quantity of the free amino acids, 
estimated as alfa-aminonitrogen by the classical van 
Slyke method. 

Beside free and protein-bound amino acids, fresh- 
caught fish has peptide-bound ones as well, which can be 
detected by hydrolysis of the supernatant after precipita- 
tion with alcohol in a final concentration of 85 per cent. 
After hydrolysis with hydrochloric acid, an increase of 10 
different amino acids in the chromatogram could be seen, 
if compared with that before hydrolysis. These amino 
acids were: glutamic acid, aspartic acid, histidinc, lysine, 
beta-alanine, leucine, iso-leucinc, phenylalanine, and 
valine, and an unknown amino acid (fraction 2). Florkin 
(9) saw an increase of the following free amino acids after 
hydrolysis of the supernatant of carp muscle: glutamic 
acid, aspartic acid, valine, phenylalanine, leucine, iso- 
leucinc and lysine after precipitating with tungstate. The 
single difference with our findings was that he found a 
decrease in free histidinc. 

Siebert and co-workers found that substrates such as 
L-Leucyl-glytine, L-Lysyl-glycine, L-Histidyl-L-histidine, 
L-Lcucyl-Ltyrosine, L-Leucyl-glycyl-glycine, L-Leucyl 
amide, Glycyl-L-glutamatc, Glycyl-L-histidine, Glycyl- 
L-valine and others were split by cod muscle extract. 
The results show that in cod muscle peptidascs are 



active splitting compounds containing the amino acids 
listed above. As far as it has been investigated at present, 
the same amino acids are found in the hydrolysed 
supernatant. 

To sum up, the pattern of free amino acids is charac- 
teristic for the different species, while strong differences 
are seen only in the amount of free amino acids. The 
protein-bound amino acids show a very uniform pattern, 
even if belonging to different families. In spite of these 
results the protein of the fish muscles of different species 
can be separated electro-phoretically into different com- 
ponents (7, 26) which are characteristic for the different 
species. The paperchromatogram shows that the mean 
value for the various amino acids is nearly uniform with 
regard to the different species. 

In the hydrolysed supernatant we only get the mean 
concentration of the single amino acid, which is equal for 
the various species, but may be a part of the single electro- 
phoretic fractions in various amounts. 

Proof by several authors of a uniform pattern of free 
amino acids, with only few characteristic exceptions, 
enables us to look for changes under the influence of 
various factors such as storage, spoiling and processing, 
etc. 

These investigations were facilitated by using an 
improved disk chromatography method developed by 
E. Ranke in our laboratory. This method enables us in 
about* 2-3 hours to compare up to 8 different samples. 
Differences in the paper chromatogram can be seen easily 
also by persons not trained in paperchromatography. 
This method helped us easily to select those samples 
showing extreme differences compared with the chroma- 
togram of fresh-caught fish (3). 

For further and exact analysis, two-dimensional 
chromatography was used. All quantitative estimations 
were performed by microbiological methods, which have 
been used in our laboratory for more than ten years. The 
turbidimetric estimation was chosen. 

Quite a new aspect was brought into discussion when 
the rdle of fish muscle enzymes as spoiling agents was 
discussed (2, 3, 4). Siebert, and Siebert and Schmitt (30, 
31, 32) investigated the activity offish muscle proteolytic 
and peptidase enzymes and could demonstrate that the 
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activity of the enzymes is so high that they play an impor- 
tant rdle in degradation of proteins and pcptides. These 
results show convincingly that in future the rdle of fish 
muscle enzymes should be considered as an important 
factor in spoilage, especially in the initial stages before 
bacterial invasion takes place. The data about changes 
in the amino acid pattern in fish (whether induced by 
bacteria or without them) are poor. Shewan and Jones 
(29) compared free amino acids in sterile and spoiling 
cod muscle and found differences in the content of various 
amino acids during storage from to 20 days. Lysine 
showed a constant increase in spoiling muscle, but a 
decrease in sterile muscle; while glycine was unaffected 
in sterile, but showed a constant increase until the ISth 
day of storage, followed by a slow decrease. The glutamic 
acid was the only one of the investigated amino acids in 
sterile muscle that showed a constant rise. In spoiling 
muscle the glutamic acid dropped at about the second day 
to a lower value, then rose to about twice the initial 
content and remained constant until the 20th day of 
storage. Alanine showed a similar curve in spoiling 
muscle, while this amino acid in sterile muscle decreased 
constantly. These results demonstrate that amino acids 
in sterile muscles are transformed to other compounds. 
Though Siebert with his paperchromatography technique 
could not demonstrate a decarboxylase activity in cod 
muscle, the results of Shewan and Jones suggest there are 
in existence enzymes capable of inducing amino acid 
degradation in sterile cod muscles. The constant and 
strong increase of free lysine in spoiling cod could be 
confirmed in my own investigations about the influence of 
transport of fish in fishing vessels (5). Siebert's results 
showing that L-Lysyl-glycine is split very rapidly by cod 
muscle peptidases, correspond excellently with those 
results. Florkin (9) estimated the free amino acids in 
different species of evertebrates and vertebrates. The 
conclusion from his results was that each species has a 
characteristic "amino acid pool" in the cells, which 
demonstrates "the whole intercellular system of non- 
protein-bound amino acids, which exists in a specific 
pattern for each species and can be regarded as widely 
constant 9 '. It was this pool which we examined in our 
investigations about the content of free amino acids in 
fresh-caught fish. Only some few amino acids show 
quantitative fluctuations, if some environmental condi- 
tions are changing. Ranke (25) proved in his thesis that 
some of the free amino acids take part in osmoregulation, 
so that quantitative differences will be observed in fish of 
the same species coming from zones of different salt 
concentration. In flat-fish he found that especially gluta- 
mic and aspartic acid increases if the salt concentration 
of the surrounding water increased. This corresponds 
with Florkin, who found in Eriocheir sinensis an influence 
on some amino acids of the intercellular pool by varying 
temperatures and salt concentrations. 

Among other compounds, amino acids are responsible 
for the taste of fish flesh, as Simidu and Hujita (33) 
proved. They found glycine especially important for the 



individual taste of different fish species. Our present 
knowledge about the rdle of free amino acids in the 
specific taste of the different fish is very poor. Some more 
is known about degradation products of different amino 
acids as malodorous substances in spoiling fish, which 
will be discussed later. Our investigations about the 
pattern of different species have demonstrated that some 
have extremely high amounts of free acids. Such is 
Lucioperca lucioperca, an exception in the family of the 
Percidae, which has about double the amount of free 
amino acids as other species. The amino nitrogen, 
estimated by the van Slyke method, showed for this 
species 103*8 mg. per cent, for Acerina cernua 66-6 mg. 
per cent and for Percafluviatilis in the mean 67*0 mg. per 
cent. It is still unknown, if the good taste of Lucioperca, 
which is preferred by many gourmets, is due to its high 
content of free amino acids. Besides these quantitative 
differences the Percidae had a higher content of free 
cystine than other seafish. 

On board the fishery research boat of the German 
Federal Republic, Anton Dohrn, fish were prepared 
for investigation into the changes of free amino acids 
before and after rigor mortis and into the influence of 
storage and transport to the different fishing ports in 
Germany. These investigations are still going on, 
especially also the control of changes under "normal" 
conditions on the fishing vessels. Further the influence 
of storing in the harbour, the transport to the factories 
and the various processing methods were studied. In 
spite of the fact that the whole material is not yet 
analysed, we have got some very interesting preliminary 
results, which will be discussed here. 

The paperchromatograms before and after rigor mortis 
show important differences. The number of ninhydrine 
stainable spots increases. Amino acids as methionine, 
tyrosine, lysine and the three aminobutyric acids, as well 
as proline and hydroxyproline, are found as new spots 
after rigor mortis has passed. The occurrence of methio- 
nine, tyrosine, y-butyric acid in particular, as well as 
proline and hydroxyproline, seems to indicate that in the 
interval between catching and rigor mortis fish muscle 
enzymes must have been splitting off those amino acids 
from higher molecular compounds of polypeptide or 
protein character. In later stages these amino acids 
vanish again, perhaps by the action of decarboxylating or 
desaminating enzymes. Their occurrence in later stages 
of storage and spoilage, especially of tyrosine, methio- 
nine, y-aminobutyric acid, proves the quality is rapidly 
decreasing. These above-mentioned amino acids are not 
present in the chromatogram of fresh-caught fish. 

These results demonstrate that biochemical changes in 
the pattern of free amino acids occur in the earliest stages 
just after catching and storage, even under optimal 
conditions on board modern vessels. It is often observed 
that the optimal taste of deep-frozen fish is only obtained 
if a distinct time has passed before deep freezing, in com- 
parison with the time necessary for meat of homoiotherm 
organisms to obtain the optimal taste. It is obvious that 
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the time is much shorter for fish (16). It is known that 
during a comparable space of time several steps of 
degradation leading to nitrogen containing compounds 
deriving from amino acids are responsible for the optimal 
taste in meat (4). Corresponding data for fish are very 
poor. Here a broad field is open for investigations with 
modern methods (gaschromatography, etc.). 

Conditions during transport on ice from catching areas 
to harbors are not optimal for preserving the original 
quality of fresh-caught fish. After being brought from 
the vessels or fishing boats, fish are stored for several 
hours, awaiting inspection by the veterinary authorities in 
the German fishing ports. Fish are divided into five 
different quality classes. In spite of storage on ice, this 
time will not be unimportant for the further fate of the 
stored fish. Since several hours go by before transporta- 
tion to factories, crowds of people nearby will enhance 
the possibility of bacterial infection. 

In investigations not yet complete we estimated the 
changes in free amino acids of fish muscle of different 
species after the transport by the vessels or boats. The 
time for transportation lasted from 11 to 17 days. The 
storage on ice could not inhibit biochemical changes. It 
is known that neither storage on ice nor deep freezing can 
inhibit enzyme activity totally. Depending upon the 
temperature used, a more or less effective inhibition will 
take place, which can be seen by the changes of the 
pattern of free amino acids in the fish muscle. The 
pressure inside the vessels and the boats, caused by the 
storage, will result in mechanical damage, which will help 
bacteria to invade faster, just as the expressible fluid with 
its protein and amino acid content will serve as an 
excellent medium for growth and reproduction of 
invading bacteria. The parallel liberation of structure- 
bound enzymes will further act to decrease quality (31). 

The amino acids mainly involved were found to be: 
Lysine, leucine, isoleucine, histidine and tyrosine. The 
papcrchromatograms showed changes in the amounts of 
these amino acids in free form in the different qualities, as 
well as in fish from the first and last catching periods. 
These findings correspond extremely well with the organo- 
leptic control of the veterinary officers at the fishing port. 
The amino acid showing the greatest differences was 
lysine. In cod it rose threefold with decreasing quality 
(Class I-I V). The content of free lysine increases in cod 
muscle from 3-73 mg. per cent in first quality to 24-25 
mg. per cent in the fourth quality. This corresponds to 
the results of Shewan and Jones in spoiling cod muscle. 
Also other seafish species showed a rapid metabolism of 
lysine. In qualities unusable for human food the lysine 
content lowers again, which results in an increasing 
degradation to malodorous substances (5). To this group 
of compounds belong piperidine, N-aminopiperidinc, 
cadaverine and putrescine, the latter occuring in the 
latest stages of spoiling (4). Also pyridine, detected in 
fish skin by Japanese authors (22, 23) can be obtained by 
degradation of lysine. 

The amino acids leucine, isoleucine and valine are 



substances which can degenerate into malodorous com- 
pounds, as isovalericaldehyde, crotonaldehydedelta, 
aminovalericacid and methylmercaptopropylalcohol (22, 
23). Corresponding to these data we found in our 
investigations a rapid metabolism of the free amino acids 
mentioned above. The content in the different qualities 
as well as in fish transported in fishing vessels for different 
times varied highly. The behaviour in the different 
species was not equal, which suggests the possibility that 
the enzymes are changing in activity in the various fish, 
or that the equipment is different with respect to the 
peptidases. There also a broad field is open for further 
research. All these facts show that the degradation of 
free amino acids, and the splitting of peptides and proteins, 
begins just after the fish has been caught. The initial 
stages of amino acid degradation must be due to fish 
muscle enzymes, as no bacterial invasion has taken place 
at that time. The next step will be to investigate the action 
of Siebert's isolated enzymes on the isolated proteins, 
peptides, etc., of the different fish muscles. 

These preliminary results demonstrate quite obviously 
that perfect preservation will only be possible if we 
succeed in inhibiting the fish muscle enzymes. 

In recent years deep freezing has been regarded as the 
optimal method for retarding spoilage and keeping the 
quality of fresh-caught fish. Many facts have shown that 
it is not possible to inhibit the enzyme action completely, 
so that no biochemical changes would occur under 
storage, even at the very low temperatures used in deep 
freezing. 

In our own investigations on rainbow trout prepared 
after a special method for export to the U.S.A. from 
Germany, we saw a constant increase of residual nitrogen 
during a storage period up to 10 months. Compared with 
fresh-caught trout, the residual nitrogen rose from 86-7 
mg. per cent to 198-5 mg. per cent after 10 months. This 
increase is not only due to liberation of amino N from 
amino acids, as the changes in free amino acids showed. 
Earlier investigations have clarified that there is a very 
active guaninc deaminating enzyme in the skin of many 
fish. The storage temperature was constant in the range 
from 22C.to 25C. This phenomena the increasing 
residual N seems difficult to explain, as enzyme action 
needs non-frozen water. Now Dyer, Frazer, Ellis and 
MacCallum (8a) found that at 18C. 6-5 per cent of 
the total water of fish fillet is present as liquid (non- 
frozen) water. At 9-4C. 10 per cent of the total water 
is still liquid. So enough water will be present for enzyme 
action also in deep-frozen fish. Siebcrt (32) was able to 
show in some of his experiments that enzymes of cod 
muscle were still active at 17C. 

Storage of whole fish as well as fillets on ice at tem- 
peratures of about +2C. to +4C. change the original 
free amino acid pattern very soon (27, 28). The first days 
of storage are characterized by a slow, but remarkable, 
decrease of free amino acids (4). Leucine, isoleucine and 
lysine showed a constant decrease in fish fillets stored at 
+2C. from the 1st to the 5th or even the 7th day of 
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storage, white other ammo acids such as cysteine/cystine 
and arginiae showed repeated fluctuations. It is in this 
period that fillets stored under the above-mentioned 
conditions produce malodorous compounds, as already 
discussed earlier. By means of gaschromatography Die- 
mair (8) found highly volatile compounds, which could 
only be detected by using temperatures as low as 80C 
to 190C. Here completely unknown malodorous com- 
pounds could be detected as being important for the 
"fishy" odor of fish. Many of the undesirable, bad- 
smelting substances in fish are derivatives from amino 
adds. After the first days of storage the bacteria invade 
the fish flesh, now acting together with fish muscle 
enzymes, so that deterioration goes on faster. This could 
be demonstrated in a rapid increase of free amino acids, 
estimated by the van Slyke method. Amazingly, electro- 
phoretic changes in behavior of the different proteins 
occur much later than the changes in the pattern of free 
amino acids. 

Likewise, the peptides change during storage. While 
the decrease of free amino acids is seen as well in summer 
as in winter, the behavior of peptides is different in the 
different seasons. The peptide ammo-nitrogen (van Slyke 
method after hydrolysis of the supernatant with hydro- 
chloric acid, compared with the amino-nitrogen content 
before hydrolysis) followed in the first 5 days of storage 
that of the free amino acids. This indicates that, besides a 
degradation of free amino acids, a similar one of peptfrM 
takes place. The increase after this point of storage in 
free amino acids corresponds to the decrease of peptide 
amino nitrogen. 

The peptides consisted mainly of the amino acids: 
glutamic acid, aspartic acid, proline, arginine and lysine. 
In particular, glutamic and aspartic acids were found in 
high amounts. The peptide amino-nitrogen was higher 
than that of the free amino acids in the storage period 
from the 10th to the 14th day. Later on, until the 22nd 
day of storage only a little increase of free amino acids 
was seen, in spite of a rapid decrease of peptides. This 
indicates that in later stages of spoilage the free amino 
acids are more rapidly degraded than the peptides are 
split. These phenomena can possibly be explained by a 
change in the bacterial flora with another enzyme equip- 
ment (6). 

A very interesting amino acid is the free jS-alanine. As 
far as was known until recent time no free /7-alanine 
occurs in animal tissues. In fresh-caught cod, only slight 
traces were seen in the chromatogram. In the initial 
stages of spoilage, just after the fish has passed rigor 
mortis, remarkable amounts of free /talanine are present. 
During storage the amounts change. Some observations 
of E. Ranke (27) seem to indicate that traces of free 
)S-alanine are in the chromatograms of many species of 
fresh-caught fish, in sea fish as well as in freshwater 
species. It is possible that these traces are not present in 
the living individual, but occur during the short time in 
which the fish is prepared for chromatography, especially 
during homogenization, despite this being performed in 



the presence of alcohol The sources can be aspartic acid 
or anserine or carnosine *or dipeptides* The action of 
an anserinase has been described earlier (11). Decarb- 
oxylation of aspartic acid leads to jS-alanine. E. Ranke 
could show that after the 7th and until the 10th day of 
storage the amount of increasing free /2-alanine is parallel 
to the decreasing free aspartic acid. This indicates that 
at least the main part of the free amino acid derives 
from decarboxylation of aspartic acid, /talanine was 
never found in protein fractions. 

We found the following differences in summer and 
winter: 

(1) a higher content of peptides in stored samples in 
summer; 

(2) a higher decrease of proteins in summer; 

(3) a higher decrease of amino-nitrogen in the alcoholic 
precipitate of the homogenated fish muscle in 
summer; 

(4) a higher content of residual nitrogen in summer. 
These results indicate that the spoilage increases in 

summer by a higher activity of proteolytic enzymes, 
peptidases and other enzymes (degrading free amino acids. 
In the first days of storage the main part is due to the 
action of autolysing enzymes, present in the fish flesh 
itself. As bacteriologists have proved, the main invasion 
of bacteria into fish begins at the 4th day of storage (6, 
12). This action of autolysing enzymes will improve the 
action of bacterial enzymes (24) ; for, as Bainsbridge (cited 
from Partmann) has reported, bacterial enzymes are not 
capable of attacking native proteins. 

Investigations of the behavior of the nitrogen- 
containing compounds in fish muscle have demonstrated 
that the initial stages of storage and spoilage are widely 
independent of the presence of bacteria and their enzymes. 
The action offish muscle enzymes is to prepare an optimal 
medium for growth and reproduction of spoiling micro- 
organisms. In future, therefore, attention should be paid 
mainly to the initial stages of deterioration and to the 
nature and conditions under which fish muscle enzymes 
act. An inhibition of these enzymes will open quite new 
aspects for preserving the "fresh-caught quality" of sea 
fish. Deep freezing is the most effective method today, 
but cannot inhibit the enzymes to such an extent that they 
cannot cause any quality decrease. 

Fish meal is a product widely used in animal feeding 
and especially poultry feeding. In recent years its use for 
human food has been often discussed. The bad taste and 
odor of the final product hindered broader use. Besides 
this technical problem, it is of interest to look for a possible 
influence of the processing method on the nitrogen com- 
pounds. Biely, March and Tarr (1) investigated the 
nutritive value of herring meal for poultry feeding, after 
having been stored for one year at various temperatures 
(-25, -21 and -37C). No effect was observed. In 
our laboratory B. Ranke (28) analysed the free amino 
acids of fish meal. Differences were found between the 
pattern of fresh-caught fish and fish meal manufactured 
after the usual method in Germany. Quantitative 
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differences were detected. Higher amounts of leucme, 
valine, lystne, argudne and y-aminobutyric acid were 
found in the meal in free form, indicating that hydrolysing 
processes had taken place during processing. Remark- 
able decrease was found in the case of threonine, 
cysteine/cystine and proline compared with fresh-caught 
fish. The protein-bound amino acids were scarcely 
affected. In some cases hydrolxymethionine was found 
in the chromatogram. So we may assume that careful 
processing of good-quality fish will result in a good 
product with optimal nutritive value. 

Some information is available on the influence of other 
processing methods on the amino acids, such as canning, 
etc. All preservation methods took care of inhibiting the 
growth and reproduction of bacteria, while little or no 
attention was paid to the action of fish enzymes. The 
organic acids used have a relatively low pH value in the 
beginning of processing, while it increases with an increas- 
ing amount of solubilizing protein from the muscles, 
acting as buffer substances. During this process pH values 
will occur, being optimal for the action of the catheptic 
enzymes and the different peptidases, as Siebert (I.e.) has 
found. Our own experiments (unpublished) have shown 
that herring stored under sterile conditions shows an 
increase of free amino acids in an amount which could 
not be explained by the actual pH value, i.e. by weak 
hydrolysis. The remarkable increase could be explained 
by the action of the proteolytic enzymes and peptidases 
of the muscles. 

Quite another biochemical situation is present if 
micro-organisms are involved. During processing there 
are many possibilities caused by more or less infection, 
depending upon the different hygienic conditions (14). 
Some of these micro-organisms (as Betabacterium 
feudwifri) are able to provide their energy for growth and 
reproduction by decarboxylation of glutamic acid (17). 
Also in these cases an increase of glutamic acid by the 
action of fish muscle proteases and peptidases provides a 
good substrate for this species. 

Cooking will lead to a loss in the free amino acids, if 
the outer layers of the muscle cells or the skin are not 
"closed" by a heat-denaturation and precipitation of their 
cell proteins. A prolonged cooking and storage in water 
will lead to a loss of free amino acids, which will lead to 
a remarkable loss in taste. This point is especially 
important for the preparation of deep-frozen fish, 
especially fish fillets. As discussed above, the change in 
temperature of deep-frozen fish will lead to denaturation 
of muscle proteins. Non-optimal freezing time will 
cause cell damage which can be measured by the libera- 
tion of DNA-phoBphate (15). It is obvious that cell 
damage causes a liberation not only of DNA but also of 
enzymes which can be spread rapidly to other parts of 
the fish, thus enhancing deterioration. 

The influence of smoking on the amino acids is widely 
unknown. The occurring amounts of formaldehyde are 
able to attack the residues in the protein-molecule or the 
amino groups of the free amino acids. 



At least one other biochemical process, commonly 
called "browning reaction", should be discussed. Jones 
(12) gave a review about this important problem. These 
browning reactions are pure chemical reactions which 
can perform without enzymes. These chemical processes 
are controlled by room temperature. 

The main types found in food processing are carbonyl- 
amino reactions, caramelization, oxidation of poly*- 
hydroxy compounds, and sugar-acid reactions, oxidation 
of haem pigment (important for fish preserved with 
nitric acid and its salts where nitrosomyoglobin is formed 
(34)), degradation of heterocycle nitrogen compounds. 
Of importance is especially the ammo-sugar reaction. 
Micheel and Klemer (18) isolated *-g)ycosyl derivatives 
of glycinc, serine and lysine. Such derivatives and con- 
densation products of lysine and sugar are known from 
milk powder, diminishing the nutritive value of milk. 
Especially jS-amino acids are objects for "browning" 
reactions. Jones reported some browning reactions in 
cod, due to L-methylhistidine liberated by the anserinasc 
activity of fish muscle (11) after death. It is degradated 
rapidly at near-dry conditions to brown products. This 
reaction accounts for a considerable proportion of the 
discoloration of dehydrated cod. Also tryptophan is 
reported to be readily degradated to brownish products at 
physiological pH and higher temperatures which are used 
in canning foods. Jones also reports (12) that nitrogen 
containing heterocycle degradation appears to be impor- 
tant in fish products. The combination of sugars and the 
free c-aminogroups of lysine cause a reduction in 
nutritive value (10). All these reactions can be important 
for fish and fish products in all those processes where 
sugar is used. Here the free amino acids will react with 
the sugar hydroxy groups. 

To sum up, the free amino acids are important com- 
pounds in storage and processing of fish. The relatively 
high amounts can be degraded by fish muscle and bacterial 
enzymes to malodorous substances, and so are responsible 
for a decrease in quality. In processing, the amino acids 
can be affected by high temperatures and interaction with 
other compounds, especially sugars, to form brown, 
discoloring substances. Further research should deal 
with the r61e of fish muscle enzymes and their action on 
proteins, peptides and amino acids of fish muscle, 
especially in the initial stages of spoilage. We can only 
improve storage and processing if we get further informa- 
tion about the action and optimal acting conditions of 
the fish muscle enzyme. If we succeed in inhibiting their 
action from the beginning of storage, we will obtain a 
higher quality and keep this quality constant until the 
fish is sold to the housewife. So the increased knowledge 
offish muscle enzymes, begun by Siebert, will lead to more 
effective methods offish storage and preservation. 
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While chemists and bacteriologists arc watchful for the results of various methods of processing, practical techniques have to be 
evolved to achieve satisfactory commercial methods of converting fish into a marketable product. Gaining provides a useful method of 
processing and storing fish, and the picture shows a team of girls in a Japanese factory packing tuna in cans. Photo: Courtesy Fishing 

News International. 
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PROTEINS IN FISH MUSCLE 

by 
JENS W. JEBSEN 

(1) The proteins of muscle fibrilles, tropomyosin, actin, myosin and actomyotin: 65 per cent of fish muscle protein (40 per cent in 
mammals). 

(2) The proteins of cytoplasma (enzymes in muscle metabolism), globulin x, myogen, myoglobin: 26-30 per cent of fish muscle 
protein (35-40 per cent in mammals). 

(3) The proteins of the connective tissue, stromaproteins (collagen): 3 per cent of the muscle of teleost; 10 per cent in elasmobranch 
(17 per cent in mammals). 

Group 1 : extractabk with neutral salt solution of high ionic strength > 0-5. 
Group 2: extractaWe with neutral salt solution of low ionic strength < 0*15. 
Group 3: not extractable with neutral salt solution, nor in diluted acids and alkalies. 

Group 1 has great crystal lattice energy and great dipole moment; this results in great sensitivity towards salt iones. 
Group 2 is rich in charged side chains, but has a small dipole moment; this results in a lower sensitivity towards salt iones. 
Precipitation of fish proteins: percentage saturation of ammonium sulphate. 

Tropomyosin . . . 50-66 

Myosin .... 35-48 

Actin .... 10-20 

Actomyosin .... 28-38 

Result of electrophoresis 

Both pure actomyosin and pure actin give one sharp peak. Pure myosin gives a broader peak ; this may indicate some heterogeneity. 
Myogen gives 7 components by Tiselius-electrophoresis. Each species of fishes gives a different pattern. Electrophoresis in starchgel gives 12 
components at pH 7-5. 

Results by ultracentrtfuge 

Both actomyosin and tropomyosin give one sharp peak. Myosin is not homogeneous. Myogen gives four components. 

Crystallized fish protein 

Myogen proteins, myoglobin and tropomyosin. 

In the white muscle, glycogenic metabolism predominates; in the red muscle (Musculus latcralis superficialis trunci), the citric acid 
cycle probably prevails. 

The red muscle (e.g. in tuna) seems to be a passive muscle with a high oxygen metabolism. The white muscle is an active muscle with 
low oxygen supply. 

PROTEINES DANS LE MUSCLE DE POISSON 

(1) Prot&nes des fibrilles musculaires, tropomyosine, actine, myosine et actomyosine: 65% des prottines du muscle de poisson 
(40% chez lea mammtferes). 

(2) Proteines du cytoplasmc (enzymes dans le me 1 tabolisme musculaire), globuline x, myogene, myoglobine : 26-30 % des protiines du 
muscle de poisson (35-40% chez les mammiferes). 

(3) ftot6iittsdutissucoiwnctif,stro^^ 
les mammileTes). 

Groupe 1 : cxtractible avcc une solution de sel neutre de haute force ionjque > 0,5. 

Groupe 2: extractibk avec une solution de sel neutre de faible force ionique < 0,15. 

Groupe 3: non cxtractible avec une solution de sel neutre, ni dans les acides dibits et les alcalis. 

Le Groupe 1 estd'unegrandc6neiT^dere^eaucristallmetd'un grand mo 
regard dft ions fi^w. 

Le Groupe 2 ett riche en chalnes & charges lattaaks, mais d'un faible moment dipolaire ; ceci se traduit par une moindre sensibilitd 
a regard des ions salins. 

IWctpHation des prottines du poisson : pouroentage de la saturation en sulfate d*ammonium. 

Tropomyosine . . . 50-66 

Myosine .... 35-48 

Actine 10-20 

Actomyosine . . . 28-38 
Msutttis de Vekctrophorix 



unedfepofftioi 



quelque heteroaeoAit^. Le myogtae donne 7 constituants par l r electrophore*e w Tifehws, Chaque cepece de poissons dome 
idiffiamte. L'flectropbortse dans to gel d'empois d'amidon <kmne 12 constituattts au pH 7,5. 



L'actomyotine et la tropomyosine donnent toutes deux un sommet aigu. La myotine n'cst pas homogtae* Le myogene donne 
ouatre constituantSt 

Prottines cristalllaees du poisson 

Prote^nes du myogene, myoglobine et tropomyosine. 

Deis le muscle Wane, le metabolisme glycoffeoique prtdomine; dans le muscle rouge (Musculus latcralis super/kbits truncl\ c f est 
probabtement le cyde de racide citrique qui prevaut 

Le mufde rouge (par exempk, chez le thon) iembte dtre un musde passif avec un haut ro6tabolisme de Poxygene. Le muscle Wane 
ctt un nnnde acdf avec un faibie apport d'oxygene, 
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PROTEINAS EN EL TEJIDO MUSCULAR DEL PESCADO 

(1) Protefnas de las fibrillas musculares, tropomiosina, actina, miosina y actomiosina: 65 % de las protefnas del tejido muscular del 
pescado (40% en los mamfferos). 

(2) Protefnas de citoplasma (enzimas en el metabolismo muscular), globulina x, midgeno, mioglobina: 26-30% de las protefnas del 
tejido muscular del pescado (35-40% en los mamfferos). 

(3) Protefnas del tejido conjunctive, estromaprotefnas (colagcno): 3% del tejido muscular de los tclcosteos; 10% de los clasmo- 
branquios; (17% de los mamfferos). 

Orupo 1 : Extractable con una solution de sal neutra de gran fuerza idnica > 0,5. 
Orupo 2: Extractable con una solucidn de sal neutra de poca fuerza i6nica < 0,15. 
Orupo 3 : No extractable con solucidn de sal neutra, tampoco en acidos diluidos y alcalis. 

El Orupo 1 tienc gran energfa reticular cristalina y un gran momento dipolar, lo que produce una gran sensibilidad con respecto a 
los iones salinos. 

El Orupo 2 es rico en cadenas laterales cargadas, pero tienc un pequefto momento dipolar, lo que produce una menor sensibilidad 
respecto a los iones salinos. 

Precipitaci6n de protefnas de pescado: percentage de saturaci6n del sulfato am6nico. 

Tropomiosina . . . 50-66 

Miosina .... 35-48 

Actina .... 10-20 

Actomiosina . . . 28-38 
Resultado de la electroforesis 

La actomiosina pura y la actina pura dan un m&ximo agudo. La miosina pura da un m&ximo mis ancho, lo que puede indicar la 
presencia de alguna heterogeneidad. El miogen da 7 componentes por electroforesis de Tiselius. Cada especie de pescado da una disposici6n 
diferente. La electroforesis en gel de almid6n da 12 constituyentes pH 7,5. 

Resultados por ultracentrifugacidn 

La actomiosina y la tropomiosina dan un m&ximo agudo. La miosina no es homogenca. El midgeno da cuatro constituyentes. 

Proteinas crlstalizadas de pescado 

Proteinas de midgeno, mioglobina y tropomiosina. 

En el musculo bianco, prcdomina el metabolismo glicogenico; en el musculo rojo (Musculus lateralis superficialis trunci) probable- 
mente prevalece el ciclo del acido cftrico. 

El musculo rojo (por ejempio, en el atun) parece ser pasivo, con un alto metabolismo del oxigeno. El musculo bianco es activo con 
una debil aportacion de oxfgeno. Puede existir una cooperacion metabolica, pero esta no es comun en fisiologia. 



THE muscles consist of fibre cells, in which lie 
bundles of chain-molecules; and round the fibrils 
is a clear solution, called sarcoplasma. Muscle cells 
are surrounded by membranes (1). 

Along the lateral line of the fish, there is a red super- 
ficial muscular region underneath the skin, called the red 
muscle or Musculus lateralis superficialis trunci, which 
differs in constitution from the rest of the muscle tissue 
(2, 3). 
The proteins of muscle may be classified thus: 

(1) Tropomyosin, actin, myosin and actomyosin which 
are the proteins that give the muscle its power of con- 
traction. These represent about 65 per cent of the muscle 
proteins of fishes (against only 40 per cent of muscle 
proteins in mammals). They are extractable with a salt 
solution of high ionic strength (> 0,5). 

(2) Myogen is found dissolved in the sarcoplasma, 
and globulin x seems to come chiefly from the mito- 
chondria. These proteins constitute the enzymes of the 
muscle metabolism. They compose 26-30 per cent of 
the protein in fish muscle, in nearly equal amounts 
(whereas in mammals there are 35-40 per cent). Both 
these proteins are extractable at low ionic strength 
(H5). But according to its name globulin x is 
insoluble in water when the conductive power decreases 
to 10~*, whereas myogen is an albumin and soluble in 
water. 

(3) The stroma proteins, which form the connective 
tissue of the muscle. They amount only to 3 per cent in 



teleost muscle, and 10 per cent in elasmobranch muscle 
(against 17 per cent in mammals) (7). They consist of the 
glue-forming collagen (6), which is not soluble in neutral 
salt solution, nor in diluted acids and alkalies. 

Preparation of the fish proteins 

The actomyosin is prepared by extracting a muscle pulp 
by means of a bicarbonate-buffered 0*5 mol potassium- 
chloride solution, pH 7-5 at 0C. The remnants are 
spinned down, and the actomyosin is precipitated by 
diluting it to an ionic strength below 0*35, and the 
precipitate is washed with water. Then it is dissolved in a 
salt solution. The whole process is repeated several times 
to get a clean actomyosin solution. 

Clean myosin is particularly intricate to make from 
muscle of fish. 

The process is almost the same as with actomyosin; 
but to the extraction solution is added adenosine-triphos- 
phate (ATP), to keep actomyosin dissociated in actin 
and myosin, and versen (also called titriplex), to bind 
earth alkali iones. In this way, the ATP-ase effect of 
myosin is inhibited. 

The actomyosin is removed from the myosin solution 
by dialysing it against a buffer solution with ionic 
strength 0-25 and pH 7-1. In this way the actomyosin 
falls out (28, 33). 

Actin is isolated in the following way: the ground fish 
fillets are washed a few times with pure alcohol, and then 
several times with ether. From the dried fibre mass the 
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actin is then extracted with a sodium-chloride solution 
pH 7*3 and ionic strength =1-0, The actin is then 
purified by ccntrifugation (11, 26). 

The proteins of sarcoplasma are obtained by extraction 
of the minced fish muscle with cold water. By dialysing 
the solution against water for 64 hours, the globulin x 
group is precipitated. This denaturation is characteristic 
for this group, but makes investigation difficult. 

The myogen group contains nearly SO enzymes. By 
cautious addition of (NH 4 ),Sp4 with a little sodium- 
phosphate, or with alcohol, this group is divided into a 
series of fractions with different degrees of solubility. 
These fractions are further separated by electrophoresis, 
ultracentrifugation and crystallization. 

Together with the myogen proteins is found the red 
protein, myoglobin. This can be purified by 0*5 m. basic 
lead acetate at 30C and precipitated at 80-95 per cent 
saturation of ammonium sulphate (12, 13, 14). 

As the elcctrophorctic pattern shows, the myoglobin 
represents the major part of the red pigment of the red 
and the bright muscle in tuna (Thunnus thynnus). It forms 
one single peak in tuna and two peaks in carp (12). Its 
contents can be determined by the alkaline haematine 
method. The amount of myoglobin in the bright muscle 
varies from 0*02 to 0*08 units of Klegg and King haemo- 
globin standard, in the dark muscle about 0*14. There is 
no relation between the myoglobin composition and the 
size of the tuna (IS, 16). 

Phyrical and chemical properties of fish proteins 

At the isoelectric point (pH 4-5-5) where the proteins are 
electrically neutral, they are least soluble and they can 
easily denaturate. 

By the addition of a neutral salt-like sodiumchloride, 
the iso-electric point will be displaced to a lower pH. 

In the alkaline region the addition of salt will increase 
the solubility of the proteins. This particularly concerns 
the myosin-groups, which is made up of proteins with 
great crystal lattice energy and a great dipole moment. 

The myogen group, on the contrary, belongs to the 
water-soluble proteins, rich in charged groups, but with 
a small dipole moment (17). 

The extractability of muscle proteins of cod increases 
from 13 per cent at pH 5 to 95 per cent at pH 6, with a 
salt solution of ionic strength 0-85 (2, 18). 

The ability to swell and increase in hydration in the 
alkaline region can be explained by an increase in acid 
groups, particularly carboxyl groups, or by reduction in 
the number of basic groups in the protein. 

Calcium-ions will reduce swelling. It may be explained 
by calcium-ions blockading the carboxyl groups, thus 
reducing the number of acid groups. 

If we add sodium chloride to an acid fish protein 
solution, the salt has the opposite effect; it reduces the 
swelling and solubility of the proteins. This may be due 
to a "salting out" effect, i.e. the precipitating effect of 
salts which have common ions. 

The salts which have the greatest swelling and solu- 



bilizing effect are mainly those with multivalent cations. 

If one increases the salt concentration beyond a certain 
limit, the proteins are precipitated. 

The farther away we are from the iso-electric point, the 
higher is the salt concentration which is needed. This 
effect is explained by the salt ions absorbing the polar 
molecules of the solution and displacing the protein 
molecules, so that these precipitate. 

The salts with the highest precipitating effect are those 
with multivalent anions, but in many salts the saturation 
occurs at so low a concentration that precipitation is not 
possible. 

The percentage saturation of ammonium sulphate for 
precipitation follows : 



Myoglobin ab. pH 7 (tuna) 
Myosin .... 
Tropomyosin at pH 5*2 (carp) 
Actomyosin . 
Actin .... 



75-95 (2) 
35-48 (19, 2) 
50-66(2) 
28-38 (18) 
10-20 (18) 



Generally an increase of temperature enlarges the 
solubility of proteins in diluted solutions and enlarges the 
precipitation of proteins in more concentrated salt 
solutions. 

The mobility of fish proteins is closely connected to 
what is said about the iso-electric point and charged 
groups. 

To get a picture of the electrophoretic behaviour of the 
fish proteins, diagrams of the fish proteins at the range of 
pH 4-9 have been made (20). 

The electrophoresis of fish proteins, extracted at high 
ionic strength, is difficult, particularly for smaller com- 
ponents, because of the viscosity of the solution. 

At pH 7*4 there is a sharp peak of actomyosin. 

Myosin gives a broader peak of a slightly lower velocity 
(21). 

It has been shown that fish myosin aggregates more 
easily than rabbit myosin (41). 

The myogen and globulin x group both show a rather 
corresponding electrophoretic velocity, and higher than 
rabbit (19, 22). 

The electrophoretic pattern of each species of fishes 
differs so much that it may be used as a sort of "finger- 
print*' for the species (23, 24). 

By means of electrophoresis in starchgel at pH 7*4 it 
has been possible to obtain better separation of the 
myogens. We can distinguish 12 gradients by this 
method, against 7 by means of electrophoresis in buffer 
solution or on paper. But this method is troublesome, 
and it is difficult to measure the area of the peaks exactly 
(25). 

By electrophoresis the proteins are separated and 
characterized; but as the composition of the antino acids 
in the enzymes seems to change from one species of fishes 
to another, the method needs to be supplied with enzymo- 
logic measurements to reveal the laws and relationship of 
the species of fishes. 
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By means of ultraccntrifuge one has measured the 
sedimentation of fish proteins. One gets an idea of the 
molweight and the structure, and it also helps in the 
control of the purity of protein preparatcs. 

It has been difficult to obtain a fish myosin with one 
sharp peak (21, 26). This may have the same reason as 
mentioned for electrophoresis. 

The ultracentrifugc diagram of the great myogen group 
gives only 3-4 peaks; but in combination with fractiona- 
tion with ammonium sulphate and following electro- 
phoresis, one finds that generally the myogen fractions 
precipitating by increasing salt saturation tend to increase 
in clectrophorctic mobility and to decrease in sedimenta- 
tion velocities; but there are several exceptions (22). 

Viscodty 

The measurements of viscosity by means of an Ostwald- 
viscosimeter have been used to follow the formation of 
actomyosin from actin and myosin, and to study the dis- 
sociation of actomyosin by addition of adenosine- 
triphosphatc. 

The increase in viscosity by formation of actomyosin 
seems higher in fish than in mammals; and because the 
number of free sulphydryl groups in myosin is responsible 
for the increase of viscosity, this gives some small 
indication that myosin of fish has more free sulphydryl 
groups than in mammals. Unfortunately, the values vary 
in the various preparations (2, 26, 27). 

The intrinsic viscosity of fish proteins is as follows: 



Actomyosin 

Myosin 

G-actin 



5-0-5-4 (in rabbits 3-5) 
2-0 (in rabbits 2-2) 
0-075 (in rabbits 0-20) 



The measurements of viscosity are limited to a short 
range of concentration near 0-2 per cent actomyosin. At 
too high a concentration the thixotropy interferes; at too 
low a concentration one gets turbulence in the capillary 
and disturbances by agglutination (28). 

Crystallization 

It has been possible to crystallize several myogen proteins 
from carp, plaice and cod after fractional precipitation 
with (NH 4 ) t SO 4 or with alcohol (25), further to 
crystallize myoglobin from tuna and carp, and also 
nucleotropomyosin. The proteins have proved to be 
homogeneous by electrophoresis and ultracentrifugation 
(2, 22, 29). 



In oxymyoglobin of tuna three maxima are found in the 
visible region, one at about 415 m/i, and two smaller ones 
at 540 and 575. This corresponds to that of mammals 
(2,9). 

The ultraviolet absorption of carp nucleotropomyosin 
has shown 10-20 per cent ribonucleic acid (2). The 
ultraviolet spectrum of a myogen fraction of plaice and 



carp which was precipitated at 90-100 per cent 
(NH4) t SO 4 showed that this protein contained no tyrosin 
and tryptophan, but nearly 17 per cent phenylalanine 
(22,29). 

Influence of I atty adds on proteins 

It has been observed that the fatty acids not only influence 
juiciness, tenderness and aroma, but the fatty acid anions 
also stabilize the protein structure offish muscle, prevent 
the breaking of hydrogen bridges, and make the proteins 
more stable against heat as well as against freeze 
denaturation. The maximal effect is considered to be 
obtained by 8 moles fatty acids with 12 carbon atoms per 
cent mol protein (30, 31, 32). 

Metabolism of the muscle 

In the relaxed muscle, myosin forms a stable complex with 
adenosine-triphosphatc (ATP) and potassium, calcium 
and magnesium ions. 

By the contraction of the muscle, myosin, by means of 
its ATP-ase property, splits off a phosphate group from 
ATP, and the great energy which is hereby set free is used 
by myosifi to form a contracted actomyosin compound. 

There are in the muscle two systems producing ATP, 
the first going out from lipids, the citric acid cycle, the 
second is the glycolytic system. 

In the original system, which we found in the smooth 
muscle and in undifferentiated muscles of foetus, the 
enzymes of the citric acid cycle dominate compared to 
glycolysis (34). 

At present this phenomenon is being studied to see if 
this is to some extent the case with the red muscle with its 
low muscle activity. 

In the skeletal muscle, like the ordinary white muscle 
offish, there are nearly ten times more glycolytic enzymes 
than enzymes of the citric acid cycle (34). Ordinarily 
the circulation of blood in a passive muscle is low (35), 
and consequently there is a low metabolism. 

However, the red muscle is rich in blood capillaries 
(36, 37). It has a high content of myoglobin and probably 
of the enzymes of the cytochromic system, properties 
which distinguish an active tissue (38, 39, 40). Notable is 
also the fact that it lies parallel to the white muscle with its 
low supply of oxygen (2). 

It is tempting to say that there must be some sort of 
metabolic co-operation between the red and the white 
muscle (3). 

Time will show if such a differentiated partition of 
functions, which is exceptional in physiology, is indeed 
possible. 
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It will interest scientists (aad other readers) to see the importance in pnuftteal human feeding 

pictures are of the same girl. Her name is Sakcneh. She weighed only 6 kilograms when the picture on the left wat taken and showed 
every evidence of malnutrition caused mainly by deficiency in protein. After a year's treatment in which she gained up to 600 grams 
in weight a month, she is pictured happy and laughing, on the right Pictures from Public Health Department, Iran, through FAQ 

show the work of the Children's Emergency Fund. 
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THE AMINO ACID COMPOSITION OF FISH MUSCLE PROTEINS 

by 
G. HAMOIR 

Present evidence points to the existence of a fundamental amino-acid plan for the constitution of the proteins of the myofibril: 
myosin, actin and tropomyosin, of the lower as well as the higher vertebrates. 

The opposite, however, occurs in the case of the proteins dissolved in the sarcoplasm (myogen). The electrophoretic patterns of the 
myooens of fish are characteristic of each species; they differ from those of warm-blooded vertebrates by a common higher average mobility. 
On the other hand, the myogens of fish contain proteins having rates of sedimentation of 1 -3-1 *5, 4-5-5*0 and 6*5*7*2 S. The first group 
is absent in the case of warm-blooded vertebrates myogens. It amounts to as much as about 50 per cent in carp myogen. When isolated and 
subjected to electrophoresis at neutral pH, this fraction resolves in the case of the carp into three peaks. Two components migrating at the 
levels of the second and third peaks have been isolated. The study of their properties has shown that their molecular weight is around 14,000, 
and their amino-acid compositions extremely abnormal. A major component, having a rate of sedimentation of 5 S and a high electro- 
phoretic mobility, has also been isolated from carp myogen. A corresponding component does not seem to exist in warm-blooded vertebrates. 
Investigations carried out on carp aldolase and carp glyceraldehyde deshydrogenase have shown that their electrophoretic mobilities are low 
at pH 7, and similar to (if not identical with) those of the corresponding rabbit muscle enzymes. 

These results suggest that, as against the myogen of warm-blooded animals which is usually assumed to be made up mainly of 
glycolytic enzymes, the myogen of cold-blooded vertebrates contains three distinct groups of proteins: the first one, not observed in the case 
of other vertebrates and containing proteins of small molecular weight and very unusual amino-acid composition; a second one, with a sedi- 
mentation rate of 5 S and a fairly high electrophoretic mobility; and a third one corresponding to glycolytic enzymes. Some components of 
the fish myogen may form a protein reserve, or may have some biological function not occurring in warm-blooded muscle which has still to be 
defined. 

LA COMPOSITION EN AMINO-ACIDES DES PROTEINES DU MUSCLE DE POISSON 

Les proteines intervenant dans la composition des myofibrilles (myosiae, actine, tropomyosine) ont la mcme composition en acides 
aminds dans le cas de tous les vertebres. Par contre, les proteines du sarcoptasnde formant le myogene different & cc pomt de vue suivant 
leur origine. Les diagrammes 61ectrophoretiques de myogenes de vertebres & sang-froid different d'une espece a 1'autre, et se distinguent de 
ceux vertebres a sang-chaud par une mobilite moyenne plus 61evee. Les myogenes de poisspns se scindent & Tultracentrifugation en trois 
groupes de protdines de vitesses de sedimentation 1,3-1,5, 4,5-5,0, et 6,5-7,2 S. Le premier groupe n 'existe pas dans les myogenes des 
vcrtdbres a sang-chaud. II represente chez la carpe environ 50% du myogene. Lorsqu'on 1'isole de muscles de carpe et 1'analyse par 
electrophoresc a pH neutre, il se scinde en trois gradients. Dtn composants migrant au niveau du deuxieme et du troisieme gradient ont 
etc isoles. L'etude de leurs proprietes ont montre que leurs poids moleculaires est d'environ 14.000 et que leurs compositions en acides 
amines sont cxtremement anormales. Un compotadt important de vitesse 5 S et de mobility electrophoretique etevee a aussi et6 isole du 
myogene de carpe. 11 ne paralt pas represent* dans k myogene des vertebres superieurs. Des recherches relatives & 1'aldolase de carpe et 
& la glyceraldehyde deshydrogenase de carpe ont montrt que leurs mobilites electrophor&iques sont peu elevees & pH 7, et semblables (sinon 
identiques) & celles des enzymes musculaires correspondants du lapin. 

Ces resultats suggerent que le myogene de poisson contient trois groupes de proteines : le premier, qu'on n'observe pas chez les autres 
vertebres et qyi contient des proteines de poids moleculaire tres faibleet de compositions en acides amines tres anormales; le deuxieme, de 
vitesse de sedimentation de 5 S et de mobilitd clectrophoretique elcvee ; et le troisieme correspondant aux enzymes glycolytiques. II est possible 
que certains constituants du myogene de poisson formcnt une reserve proteique ou assurent une fonction biologique n'existant pas dans le cas 
des vert6bres superieurs qui reste encore & identifier. 

LA COMPOSICION EN AMINOACIDOS DE LAS PROTEINAS DEL TEJIDO MUSCULAR DEL PESCADO 

Las pruebas actuates sefialan que las proteinas, que intervienen en la composicibn de miofibrillas (miosina, actina, tropomiosina), 
tienen la misma composici6n en aminoacidos en los vertebrados inferiores y superiores. 

Ocurre lo contrario, sin embargo, en el caso de las proteinas del sarcoplasma que forman el midgeno. Los diagramas electrofoicticos 
de mi6genos de pescado son difercntes en cada especie, y se distinguen de los vertebrados de sangre caliente por una movilidad media mis 
elevada. Por otra parte, los mi6genos de pescado contiencn proteinas con velocidades de sedimentaci6n de 1,3 a 1,5; 4,5 a 5,0; y 6,5 a 7,2 S. 
El primer grupo no existe en los mi6genos de los vertebrados de sangre caliente. Representa aproximadamente el 50% del mi6geno de la 
carpa. Cuando se aisla y se somete a electroforesis a pH neutro, esta fracci6n se subdivide en tres gradientes. Se ban aislado dos compo- 
nentes migratorios a los niveles del segundo y tcrcer gradientes. El cstudio de sus propiedades ha mostrado que sus pesos moleculares son 
de 14.000 aproximadamente, y que sus composiziones en aminoacidos son extremadamente anormales. Un componente importante, con 
una velocidad de sedimentation de 5 S y una movilidad electroforetica elevada, se ais!6 tambien del midgeno de la carpa. Este componente 
no parece existir en los vertebrados de sangre caliente. Las investiyaciones realizadas sobre la aldolasa de carpa y el gliceraldehido 
deshidrogenasa de carpa ban mostrado que sus movilidades etoctroforeticas son poco elevadas a pH 7, y parecidas (si no identicas) a las de 
los enzimas de musculo de conejo. 

Estos resultados sugieren que, al contrario del mi6geno de animates de sangre caliente que se supone esta formado principalmente de 
enzimas glicoliticas, el midgcno de los vertebrados de pescado conticnc tres grupos distintos de proteinas: el primero, que no se observa en 
- " '--- * ! " ' ' " '-" '--"" ranoimal; el segundo, con 



una velocidad de sedimentaci6n de 5 S y una elevada movilidad electroforetica; y el tercero, que corresponde a los enzimas glicoliticos. Es 
posibte que algunos componentes del midgeno de pescado formen una reserva proteica o tengan alguna funcidn bio!6gica que no existe en el 
caao de los vertebrados superiores, que no se haya detenninado todavia. 



composition of myosins of different origins phan) were determined. The figures obtained with 

I (rabbit, dog, ox, chicken, fish and lobster) was first lobster and, even more, fish, were less reproducible and 

JL investigated by Bailey (1). Their contents in four somewhat higher than the other ones. Similar results 

amino acids (cystine, methionine, tyrosine and trypto- were found by Deas and Tarr (7) on longcod myosin. 
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The progress made recently by Conncll (3) in the isolation 
of cod myosin and cod actin has made it possible to 
obtain better preparations enjoying a purity comparable 
with those of the corresponding rabbit proteins. The 
detailed amino acid analyses made on these proteins by 
Connell and Howgatc (5) are therefore of great interest. 
Their results show that the discrepancies observed by 
Bailey (1) are due to the contamination of the fish myosin 
by actin. Cod myosin and cod actin have amino acid 
compositions which differ very little from the correspond- 
ing rabbit proteins. The same similarity is observed with 
tropomyosin: Kubo (17) has shown that the composition 
of haddock tropomyosin is very close to the one of rabbit 
tropomyosin. All these results point thus to the existence 
of a fundamental amino acid plan for the elaboration of 
the muscle structural proteins, i.e. the constituents of the 
myofibrils. 

The opposite occurs in the case of the proteins dis- 
solved in the sarcoplasm. The variability offish myogens 
has first been suggested by clectrophoretic and ultra- 
centrifugal investigations. Muscle extracts made at low 
ionic strength of many different species offish have been 
examined electrophoretically by Connell, Nikkil& and 
Linko, and by myself (13). The patterns obtained with 
lower vertebrates are very variable and characteristic of 
each species. They have in common, however, a higher 
mean mobility than the one of warm-blooded vertebrates 
(Fig. 1). Ultracentrifugal analyses have been made on 
carp (12), plaice (18) and cod (4). These patterns are more 
similar inter se than the electrophoretic ones : three peaks 
are observed, in each case having rates of sedimentation of 
1 -3-1*5, 4-5-5-0 and 6-5-7-2 S. The specific variations 
appear to be limited here to the proportions of these 
three peaks. In carp extracts, the slow peak is particularly 
large: it amounts to approximately 50 per cent of the 
proteins present (12, 16). This slow sedimenting peak is 
absent in the myogens of warm-blooded vertebrates. It 
apparently occurs only in fish muscle and in frog muscle 
(8). As the ultraviolet absorption of protein isolated from 
this fraction revealed a very peculiar amino acid com- 
position (15), we have tried to isolate these slow sedi- 
menting components from carp muscle extracts. It can 
be achieved fairly easily with a good yield by ammonium 
sulfate fractionation at neutral pH. The single slow 
ultracentrifugal peak obtained splits by etectrophoresis 
at neutral pH into three peaks which correspond to the 
peaks I, Ha and lie of Fig. 1 . Two components have been 
isolated and crystallized : one corresponds to the peak Ha, 
and the other to the peak He or to part of it. The ultra- 
violet spectrum reveals in both cases a high content in 
phenylalanine and the absence of tyrosine and trypto- 
phan. The molecular weight of the component Ha has 
been found to be 14,000 500. The amino acid com- 
positions of the two crystallized proteins have been 
determined with the Moore and Stein method and micro- 
biologically (Table I). Tyrosine, tryptpphan, proline and 
methionine are absent, and one residue of cysteine, 
arginine and histidine is found per 14,000 g. in both 



t m+n 




Fig. L Electrophoretic diagrams of carp myogen ( ) 

and rabbit myogen ( ) at 1 0-15 andpH 7-3 

cases. The higher electrophoretic mobility of one protein 
at pH 7 is due to its higher content in aspartic acid (+11 
residues per 14,000 g.) and its lower content in lysine (5 
residues per 14,000 g.). We have found with Jebsen (18) 
that a component sedimenting at the same rate, and 
having the same ultraviolet spectrum, occurs also in 
plaice myogen. These results suggest that the fraction 
sedimenting at a rate of 1-3-1-5 S corresponds to a 
family of proteins characteristic of cold-blooded verte- 
brates, of a molecular weight of about 14,000 and 
highly abnormal amino acid composition. 

The other half of the carp albumins has also been 
investigated. A major component sedimenting at a rate 
of 5 S has been isolated and crystallized (14). Its amino 
acid composition has been compared to those of several 
rabbit muscle proteins (Table II). This comparison does 
not at first sight reveal any peculiarity. On the other hand, 
enzymatic researches have been carried out in our 
laboratory in order to isolate carp aldolase (1 1) and carp 
glyceraldehyde dehydrogenase (19). Both of these 
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7-47 


5-2 


5-1 


Tyrosinc 


3-43 


4-21 5-31 


4-6 


3-4 


Valine . 


6-7 


7-4 


9-2 


2-6 


Cystinc . 




1-96 2-24 




2-8 


Tryptophan 




1-51 2-31 


2-1 


0-8 


Serine . 




7-3 


4.4 


4-33 



Total 101-96 



115-6 



enzymes are migrating at the level of peak III (probably 
of peak Illb), while rabbit aldolase is migrating at the 
level of / (9, 10, 20) and rabbit glyceraldehyde dehydro- 
genase slightly more slowly (6) (cf. Fig. 1). This similarity 
is remarkable in view of the much larger mean electro 
phonetic mobility of the fish myogens. The ultracentri- 



fugal behaviours of carp and rabbit glyceraldehyde 
deshydrogenases are also very similar, if not identical (19). 
Although a larger number of enzymes should be examined 
before final conclusion be reached, it seems from the 
present evidence that the glycolytic enzymes of fish 
myogen correspond only to the slow electrophoretic 
peak III. 

It is usually assumed that the myogen of warm-blooded 
animals is made mainly of glycolytic enzymes (2). Our 
results suggest that this view is incorrect in the case of 
the myogens of cold-blooded vertebrates. It seems that 
three different groups of proteins should be distinguished 
in this case: a first one, not observed in the case of other 
vertebrates containing proteins of small molecular weight 
and very abnormal amino acid composition ; a second one, 
of a rate of sedimentation of 5 S and fairly high electro- 
phoretic mobility (component lib of Fig. 1); and a third 
one corresponding to the glycolytic enzymes. Some 
components of fish myogen may form a protein reserve, 
or may have another biological function which has still 
to be defined. In any case the occurrence in fish muscle 
of proteins, which are devoid of methionine and trypto- 
phaain perceptible quantities varying from one species 
to the other, should be taken into account when assessing 
the nutritive value of this food. 
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EFFECTS OF BIOLOGICAL FACTORS (SEX, SEASONAL RACES, 

SPAWNING MIGRATIONS) ON FAT, PROTEIN AND WATER, 

THEIR DISTRIBUTION IN SEA-TROUT 

by 
J. T. KUKUCZ 

The effects of some biological factors (sex, spawning migrations, seasonal races) on some components of edible parts of fish and its 
nutritional value were investigated in 1958-59. Chemical composition of many species of fish has been the subject of numerous investigations ; 
but the relationship between the biological stages of fish and such components as fat, water and protein are not sufficiently known in the 
majority of species. 

The object of studies was the sea-trout (Salmo trutta L.) from the V istula River, known on the international markets under the name 
Vistula Salmon. There exist two populations within this species: (1) the winter population, which undertakes a 1,000-km. long migration and 
spawns in tributaries of the upper Vistula one year after entering the river, and (2) the summer population, which spawns in the tributaries of 
the lower pan of the main river in the year of entering. 

The fat, water and protein content of specimens belonging to winter and summer populations caught in the year cycle 1958-59 was 
examined 

The winter population shows an adaptation to the conditions of long spawning migration in the form of enormous accumulation of 
stock material in the body of the fish. This influences the technological properties of the fish. 

It has been stated that the fat content of specimens of the winter population was on the average twice as high (fern. 17-40 per cent, 
male 13*82 per cent) as that of the summer population (fem. 7*91 per cent, male 6*86 per cent). The females of both seasonal populations 
have a slightly greater amount of fat than the males. 

The following distribution of fat has been found: 

The accumulation of fat is considerably greater in the ventral than in the dorsal part of the body. There is less fat in the posterior 
part of the ventral lobes than in the anterior part ; conversely, the fat content increases in the dorsal part towards the tail. A distinctly smaller 
amount of fat is accumulated in the tail itself. The statements concerning the distribution of fat in the different parts of the body might be 
important from the technological point of view. 

The comparison of fat content in winter populations at the beginning of the spawning migration (fem. 17*04 per cent, male 13*82 
per cent) with the content of fat in spent fish at the end of the migration (fem. 4*05 per cent, male 2*85 per cent) shows that sea-trout lose 
about 80-85 per cent of their fat supply during their spawning migration. 

The water content is in inverse proportion to the amount of fat. ^ v - 

The differences in protein content are smaller (fem. 20*26 per cent, male 20*53 per cent in summer population; and fem. 21.31 per 
cent, male 21 -76 per cent in winter population). 

The protein content decreased considerably during spawning migration (about 15 per cent: at the beginning of the migration, fem. 
20*26 per cent, male 20*53 per cent; at the end of the migration, fem. 16*62 per cent male 17*30 per cent). 

Besides the changes in the amount of single components as mentioned above, the whole weight and the condition factor in spawned 
fishes decrease considerably. 

EFFETS DES FACTEURS BIOLOGIQUES (SEXE, VARIETES SAISONNIERES, MIGRATION 

DE REPRODUCTION) SUR LES GRAISSES, LES PROTEINES ET L'EAU ET SUR LEUR 

DISTRIBUTION CHEZ LA TRUITE DE MER (SALMO TRUTTA L.) 

Les effets de quelques factcurs biologiques (sexe, migrations de reproduction, varies saisonnieres) sur quelques composants des 
parties comestibles du poisson et sur sa valeur nutritive ont 6t6 etudics en 1958-59. La composition chimique de nombreuses especcs de poisson 
a M le sujet de bien des etudes; mais les relations entre les Stapes biologiques du poisson et des composants tels que les graisses, 1'cau ou 
les proteincs ne sont pas suffisamment connues dans la majoritd des espcces. 

L'objet de ces etudes a 6te la truite de mcr (Salmo trutta L.) de la Vistule, connuc sur les marches internationaux sous le titre de 
saumon de la Vistule. II existe deux populations dans cette espece: (1) la population d'hiver, entreprenant une migration de 1.000 km. et se 
rtjproduisant dans les affluents de la Vistuto sup6rieure un an apres son entree dans le fieuve; et (2) la population d'6t, se reproduisant dans 
les tributaires du cours inf&ieur du fieuve principal dans Tannee de son entree. 

On a examin^ les graisses, 1'eau et la teneur en proteines sur des specimens appartenant aux populations d'hiver et d'6te\ captures au 
cours du cycle annuel 1958759. 

La population d'hiver montre une adaptation aux conditions d'une tongue migration de reproduction sous la forme d'une accumula- 
tion 6norme de reserves .dans le corps du poisson. Ceci influence les qualites industrielles du poisson. 

. On a 6tabli que la teneur en graisse des specimens de la population d'hiver etait en moyenne deux fois plus 61ev6e (fem. 7,91 %, males 
6,86%). Les femeltes des deux populations pr&entaient une quantitd de graisse legtrement suptrieure a celle des males. 

On a trouvt la repartition suivante de la graisse: 

L'accumulation de la graisse est beaucoup plus elevee dans la paitie ventrato du corps que dans sa partie dorsale. II y a moins de 
graisses dans la partie posttrieure des lobes abdominaux que dans leur partie anterieure; en revanche, la teneur en graisse augmente dans la 
zone dorsale ven la queue. La quantit6 de graisse accumutee dans la queue elle-mfcme est nettement plus faible. Les donnees concernant la 
distribution de la graisse dans les differentcs parties du corps peuvent tore importantes du point de vue industriel. 

La comparison de la teneur en gratee chez les populations d'hiver au debut de leur migration de reproduction (fem. 17,04%, 
make 13,82%) avec celle du poisson epuiacau tcrrac de sa migration (fem. 4,05%, males 2,85%) permet de dire que k truite de mcr perd 
approximativement 80 It 85% de sa reserve de graisse durant cette migration. 

La teneur en eau est en relation opposite avec la quantitt de graisse. 

Les differences dans la teneur en proteines etaient plus faibtos (fem. 20,26%, males 20,53% dans la population d'ete; fem. 21,31 % 
male* 21 ,76% dans la population d'hiver). 

La teneur en prottines dccroit d'une facon considerable durant la migration de reproduction (de 15% environ: au commencement 
de la migration, fem. 20,26%, males 20,53%; a la fin de la migration, fem. 16,62%, males 17,30%). 

ParalWement 4 ces changements dans to montant des composants simples qu'on vient d'indiqucr, to poids total et to facteur de 
condition (facteur de l'6tat physiologique) dans to poisson en reproduction diminuent d'une facon considerable. 
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Proteins and General Composition: Biological Factors 

EFECTOS DE FACTORES BIOLOGICOS (SEXO, VARIACIONES ESTACIONALES Y 
EMIGRACIONES DE DESOVE) EN EL CX)NTENIDO Y DISTRIBUCION DE GRASA, 
PROTEINA Y AGUA EN LA TRUCHA COMUN O DE MAR (SALMO TRUTTA L.) 

En 1958*59 se investigaron los cfcctos que factores bio!6gicos (como sexo, variaciones cstacionales y emigrations dc dcsove) tienen 
en algunos componentes dc las partes comestibles del pescado y su valor nutritive. La oomposici6n quimica de muchas especics de peccs ha 
sido ofojeto de numerosas investigaciones; pcro la relaci6n entre las fases bio!6gicas y componentes como la grasa, agua y proteina no se 
conocen lo suficiente en la mayorla de las especies. 

El objcto del estudio fue la trucha comun o de mar (Salmo trutta L.) del rfo Vistula, conocida en el mercado internacional con el 
nombre de salmdn del Vistula, Dentro de esta especie existen dos poblaciones: (1) la de invierno, que realiza viajes de 1.000 km. y desova 
en los afluentcs del alto Vistula un afio deapues de entrar en el rio; y (2) la de verano, que desova en los aflucntcs del bajo Vistula el mismo 
afio que entra. 

Se dctermin6 el contenido de agua, grasa y proteina de ejemplares de ambas poblaciones pescados en la campafia 1958-59. 

En la poblaci6n de invierno se acusa una adaptaci6n a las condicioncs de la larga emigracidn de dcsove, acumulandosc en el cuerpo 
una enormc cantidad de grasa que influyc en la industrializaci6n del pescado. 

Se ha demostrado que el contenido de grasa en ejemplares de la poblacidn de invierno es, por tSrmino medio, dos veccs mayor 
(hembras, 17.04%; machos, 13,82%) que en los de la poblacidn de verano (hembras, 7,91 %; machos, 6,86%). Se observara que la hembra 
de ambas poblaciones contiene mas grasa que el macho. 

La grasa esta distribuida como sigue: 

La acumulacidn es mucho mayor en la parte ventral que en la dorsal. Hay menos en la parte posterior de los Idbulos ventrales que 
en la anterior. Por el contrario, en la parte dorsal aumenta hacia la cola, pero en esta misma hay una cantidad sensiblemente menor. Las 
detcrminacioncs del contenido en diferentes partes del cuerpo puede tener importancia bajo el punto de vista industrial. 

La comparacidn del contenido de grasa en las poblaciones de invierno al comicnzo de la emigracidn de desove (17,04% en las hem- 
bras ; 1 3,82 % en los machos) y al fin (4,05 % en las hembras ; 2,85 % en los machos) permite manifestar que la trucha pierde del 80 al 85 % de 
la grasa durante tal emigraci6n. 

El contenido de agua esta en proportion inversa al dc grasa. 

Las dtferencias en el contenido proteinico son menores: 20,26% en las hembras y 20,53 % en los machos de la poblacidn de verano; 
y 21,51 % en las hembras y 21,76% en los machos de la poblacidn de invierno. 

El contenido protefnico disminuye considcrablemente durante la emigraci6n de desove (15% aprox.); al comienzo el de las hembras 
es de 20,26% y el de los machos de 20,53% y al terminar es de 16,62% en las hembras y de 17,30% en los machos. 

Ademas de los cambios en la cantidad de los componentes individuates mencionados, el peso y cstado fisio!6gico de los peces que 
ban dcsovado disminuyen considerablemente. 
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SUR LA PRESENCE NATURELLE DE FORMALDEHYDE DANS LES 

PRODUCTS ALIMENTAIRES MARINS 

by 
F. SOUDAN 

La pretence de formol a 6t signalee dans Ic poisson frais et dans le poisson sate il y a une trentaine d'annte, maii ce fait cat rest* 
peu connu. Aussi, des chimistes peuvent-ib conclure parfois & 1'addition de formol dans des produits qui n'en ont jamais recu, 

Nous avons recherche le formol dans lea produits prepare* a partir d'animaux roarins, et montit quc sa presence ttait gtoArale dans 
ceux cootenant de 1'oxyde de trim&hylaminc. L'oxyde de triinethylamine se scinde en formol et dimdthyiaminc suivant une inaction d'tquilibre 
plus oonnue dans le sens: aldehyde -f amine -> aidimine. 

A temperature ambiante, rtquilibrt comporte seulement 3pour mille de formol libre; mais dans un milieu apte a capter Tun des 
contthuants, la reaction se poursuit au-dela de I'tquilibre normal. Crest ainsi que la distillation d'oxyde de trimethylaminc en presence d'un 
adde fort, qui fixe la base, libcre plus de 80% du formol qui 6tait combine dans 1'oxyde initial. Une telle reaction se produit pendant la 
recherche du formol dans les animaux marins, si 1'oxyde n'a pas etc mis hors de cause au prtalabte; un moyen commode consiste a to reduire 
en trim&hylamine par le chlorure de titane TiCl,. 

Dans tes muscles de poissons ou de crustaces, la scission de 1'oxyde de trimethylaminc se poursuit spontanftment grace aux nombreux 
radicaux auxquels to formol peut se combiner, parmi lesquels notamment tes radicaux NH, libres de prottines. Theoriqucment la reaction 

pourrait conunuer j " " " ' 

totatederc ' ' 
dtp 




divers produits prepares (certains par nos soins) tes teneurs en formol suivantes exprimees en mg. (Tableau I). 

Plustours rfesultats surprennent: ceux relatifs aux harengs saurs paraissent bas, compte tenu de rapport de formol de la fumee; ceux 
de la morue salee et des conserves de crevettes du Maroc paraissent extraordinairement Sieves, compares par exempto a ceux des anchois 
sates et des conserves de crevettes norvtgiennes. 

Le taux de formol sembto avoir effectivement peu de rapport avec le degrd de fumage des harengs saurs apprecte organoleptiquement 
ou par to dosage des phenols. 

Quant aux taux Sieves trouves dans la morue salee et dans les crevettes marocaines, Us s'expliquent par le fait que ces produits sont 
ordinairement traitfe Fun au bisulfite de sodium pour le blanchir, 1'autre au sulfite de sodium pour tviter le noircisseraent cnzymatique, alors 
que les anchois sales ou les crevettes norvtgiennes ne sont pas traites. L'ion sulfureux, se combinant instantanemcnt au radical aldehyde, 
active la scission de 1'oxyde de trimtthylamine; to d6riv6 bisulfitique form* se decompose avec liberation de formol au moment du dosage en 
milieu acide. Les teneurs en formol et en anhydride sulfureux sont en correlation 6troite surtout dans la morue salee ou les ^changes ultrieurs 
avec to milieu sont prattquement mils. 

L'&ude statistique des resultets obtenus sur une soixantaine d'6chantillons de morue montre que to formol provient bien de Toxyde 
de trim6thvlamine et non d'une addition extdrieure. 

En conclusion, il apparatt que le formol se forme natureltoment dans les preparations de poissons ou de crustaces. Le taux de 
formol peut devenir eieve apres un traitement tel que le sulfitage; ceci doit fttre accept^ comme une consequence normale par les reglements 
d'hygtene alimentaire qui admettent le sulfitage. 

THE NATURAL FORMOL CONTENT IN FISHERIES PRODUCTS 

The presence of formol in fresh and salted fish was reported some 30 years ago, although little was known about this and chemists 
sometimes drew the conclusion that formol had been added to the products when such was not the case. 

We tested for formol in products prepared from marine animals, and proved that it generally occurred in those containing trimethyl- 
amine oxide. This oxide divides into formol and dimethylamine by a balanced reaction which is more familiar to us in the opposite direction, 
that is aldehyde + ainine - aldimine. 

At ambient temperature in this reaction there are only three parts per thousand of free formol; but where one of these elements 
reacts with other elements in a different environment, the reaction may go beyond the normal point of balance. For instance, the distillation 
of the oxide of trimethy lamine by a strong acid which captures the base liberates over 80 per cent of the formol initially found in the oxide. 
This reaction occurs when we test for formol in marine animals, unless the oxide has been eliminated first; a convenient method is to reduce 
it to trimethylamine by titanium-trichloride. 

In the muscles of fish and crustaceans, the oxide of trimethylamine continues to break down spontaneously, because of the many 
radicals with which the formol can combine, including especially free NH t groups of proteins. Theoretically this reaction could continue 
until the formol is divided evenly among all the radicals, which would lead to an almost total decomposition of the oxide of trimethylamine. 
Actually this point is not reached, although more formol is produced than would be added as an antiseptic in the form of hexamethy tonetetra- 
mine. We found in several prepared products, some of which we cured ourselves, the quantities of formol (in milligrams) shown in Table I. 

Several of our findings were surprising. The figures for red herring seem low, considering the formol produced during its smoking; 
those for salted cod and canned Moroccan shrimp seem exceptionally high as compared, for instance, with those for salted anchovies and 
canned Norwegian shrimp. 

Actually, the formol content seems to have little connecticm with either the degra of smoking of the hem 
and smell, or the proportion of phenols. 

As regards the high figures for salted cod and Moroccan shrimp, these are explained by the fact that the first of these products is 
usually treated with sodium bisulphite to btoach it, and the second with sodium sulphite to prevent blackening due to enzyme action, white 
neither sahed anchovies nor Norwegian shrimp are so treated. The sulphurous ion combining instantaneously with the al^ 
the breakdown of the trimethylamine oxide; the resulting bisulphite derivative decomposes, liberating formol when mixed in an acid medium. 
The formol and anhydride sulphurous add content are closely related, particularly in the salted cod, in which there are practically no further 
chemical exchanges with the environment 

A statistical study of tests on about 60 samples of cod shows that the formol actually comes from the trimethylamine oxide, and has 
not been addfd. 

In short, it appears that formol is produced naturally in preparations of fish or crustaceans. The amount of formol may become 
very high after treatment with, for instance, a sulphite or sulphurous acid. This must be accepted as normal in health regulations regarding 
food and drugs which permit this treatment 
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Natural Formal Content 

SOBRE LA PRESENCIA DE FORMOL NATURAL EN LOS PRODUCTOS MARINOS 

La presencia de formol en d pescado fresco y saUdo se seftalo hacc unos 30 aflos ; pero como se sabfa muy poco dc esto, los qulmicos 
creycroTJ quc se habia afiadtdo foratol a lot productos cuando no era tal el caso. 

Nosotros inveitigamoi el formol en los productos preparados a parttr de animates marinos y demostramos quc su presencia es 
general en los que oontienen 6xido de trimetilamina, que se transrorma en formol y dimetilamina por una reaccidn de equifibrio mas cenocida 
en el sentido aktehido -f- amina - aldemina. , 

A la temperatura ambiente, en esta reaccion solamente hay 3 partes por mil de formol libre; pero en tin medio apto para captar uno 
de los constituyentes, la reaction puede sobrepasar cl punto normal de equihbrio. Por ejemplo, la destilacton del 6xido de trimetilamina, en 
presencia de un acido fuerte que nja la base, libera mas de 80% de formol combinado en el 6xido inicial. Esta reaccion ocurrc durante la 
investigation del formol en los animates marinos, a menos que el oxide se haya eliminado antes. Un metodo convenicntc consiste en reducirlo 
a trimctiJamina por el cloruro de titano. 

En el tejido muscular de pescado y crustaceos, el oxido de trimetilamina continua descomponiendose espontaneamente, debido a los 
muchos radicates con los que se puede combinar el formol, entre los que estan especialmente los radicates NH. fibres de proteinas. Teorica- 
meate esta reaccion podria continuar hasta que el formol se reparttera uniformcrnente entre todos los radicates, lo que produciria una 
descomposicion casi total del oxido de trimetilamina. En la prictica no se llega a esto, aunque se produce mas formol de lo que se 
adtdonaria como antiseptico en la forma de hexametitenetetramina. Nosotros hemos cncontrado en varies productos preparados (algunos 
por nosotros mismos) los tenores de formol expresados en miligramos, que se dan en Tabla I. 

Varios resultados fueron sorprendentes; los relatives a los arenques semi-ahumados parecen bajos, si se tiene en cucnta la aportacion 
de formol del humo; los del bacalao salado y conscrvas de camardn de Marruecos parecen cxtraordinariamcntc elevados, si se comparan, 



por ejemplo, con los de anchoas saladas y conscrvas de camardn Noruego. 
El contenido de formol parece, efectivamenfc 



. rite, teiier poca relad6n cx>n cl grade de ahumado del ara^ 

o la proporci6n de fenoles. 

En cuanto al elevado contenido del bacalao salado y del camaron de Marruecos, esto lo explica el hecho de que el primcro se trata 
usualmente con bisulfite de sodio para blanquearlo, y el otro con suttHo de sodio para eyitar el ennegrecimiento enzimatico, en tanto que ni 
las anchoas saladas ni el camardn de Noruega se tratan asf. El ion sulfuroso se combina instantineamente con el radical aldehido y activa el 
desdoblamiento del 6xido de trimetilamina. El bisulfite resultante se descompone con liberacion de formol cuando se dosifica en un medio 
acido. Las prpporciones de formol y de anhidrido sulfurosa estan cstrcchamentc rclacionadas, particularmente en el bacalao salado, en el 
que apenas existen intercambios ulteriores con el ambiente. 

El estudio estadistico de los resultados obtenidos con unas 60 muestras de bacalao demuestra que el formol precede del 6xido dc 
trimetilamina y que no ha sido afladido. 

En cenclusi6n, parecc ser que el formol se forma naturalrncntc en los mparados de pescado o crustaceos. La cantidad de formol 
puede aurnentar mucho dcspues de un tratamiento con sulftto o acido sulfuroso, lo que tiene que aceptarse como una consecuencia normal en 
las dispesiciones de higienc de los alimentos que pcrmitcn esta clase de tratamiento. 



TABLEAU I 
Tenem en tewajfiifryde de dHenes preparations de poittons et de crustaces 

mg. formol 

mg. formol par par kg. 
Nombre kg. matfere mature 

examini fraiche stche 

Poissonfrais. . 9 19 a 175 



Poisson congete 
Anchois sate 
Morue salee . 
Filets de harengs saurs 



Conserves de crevettes de 

Norvege ... 4 a 19 

Conserves de crevettes du 

Maroc ... 14 954210 
Conserves de crustaces 12 a 30 

divers 



19 1 4 59,5 3 a 248 
22 5 It 51,2(30,8) 

69 23 a 470 48 & 989 

18 10 a 116 (47,4) 30 a 255 
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sulphydryl groups. This cathepsin, together with several other cod muscle enzymes, has about the same resistance against heat denaturation 
as mammalian enzymes. The temperature coefficient also is found in the usual range (Q JO 1 *86 between 27 and 17C, Q 10 2*45 between - 3 



ENZYMES OF MARINE FISH MUSCLE 
AND THEIR ROLE IN FISH SPOILAGE 

by 
GUNTHER SIEBERT 

Fish muscle is well known for its easy digestibility. The efficient attack of enzymes on fish muscle proteins is regarded as one of the 
factors which cause the rapid spoilage of fishes after their death. Therefore some studies were undertaken of the properties of protcolytic 
enzymes in fish muscle and other tissues. Fish muscle contains very active cathcpsins able to split up to 10 mg. of protein per hour per 
g. fresh muscle tissue (Table I). These cathepsins are of true muscular origin and occur in an active state (without endogenous inhibitors). 
However, freshly-caught fish display a penetration of digestive enzymes from the gut through the abdominal cavity into the muscular tissue, 
if the digestive tract is not carefully removed within a short time after the capture of the fish; e.g. trvpsin from the intestine increases about 
8 times in the abdominal cavity (which seems to contain some enzymes by itself) and in the abdominal part of the muscles within 4 hours* 
storage aboard the trawler (Table II). 

Fish muscle is also very rich in peptidases ; figures for the cleavage of 20 different peptides are given in comparison with the consider- 
ably smaller figures for mammalian muscle (Table III). Some questions of the ratio of cathepsin versus peptidase activities and of the speci- 
ficities concerned are discussed. Cod muscle splits up to 125 mg. of a peptidc per hour per g. fresh tissue. Cathepsin from cod muscle has 
been purified about ninetyfold and some enzymatic properties were studied. The pH-optimum is near pH 4*3. The enzyme is strongly in- 
hibited by Co++ ions (31 per cent at 10~ ft M\ but much weaker by Hg++ ions (13 per cent at 10~* M). No activation was found by any metal 
ion; however, cyanide does activate (181 per cent at 10-* Af), and several sulphydryl reagents are inhibitory Ochloromercuribenzoate* o- 
iodosobenzoate, iodoacetamide) (Table IV). It is concluded from these data that cod muscle cathepsin contains disulfide linkages as well as 

cathepsin, 
n enzymes. 
and - 13 P O (TaWe V). 

A great difference, however, exists as to the substrate specificity of cod muscle cathepsin. None of the substrates known as susceptible 
for mammalian cathepsins A, B, and C, is split by cod muscle cathepsin. Therefore, an investigation of the substrate specificity was begun by 
using cod spleen cathepsin as a model for fish cathepsins. Cod spleen cathepsin is about 20-40 times more active than cod muscle cathepsin. 
The fiftyfoid purification, so far achieved, corresponds to an activity of about 1/4 as compared with crystalline digestive proteases like trypsin, 
pepsin, etc. We hope to have elucidated the specificity of the cod cathepsins quite soon (Table VI). 

In conclusion, proteolytic enzymes occur in fish muscle to such an abundance that the assumption seems justified that they play an 
important rdle in fish spoilage, by degrading fish muscle proteins, and by furnishing amino acids and peptides for the growth of microorganisms. 
A still better knowledge of these enzymes might finally help in providing man with as good and as much seafood as possible. 

LES ENZYMES MUSCULAIRES DES POISSONS MARINS ET LEUR ROLE DANS 

L'ALTERATION DU POISSON 

Le poisson est rtputt pour sa facile digestibility. L'attaque, avec des r&ultats effectifs, des prot&nes musculaires du poisson par les 
enzymes est consid6r6e comme run des facteurs d'alttration rapide des poissons apits leur mort. DC ce fait, on a conduit quelques recherches 
sur les propr&tts des enzymes prottalytiques dans les muscles et les autres tissus du poisson. 

Le muscle de poisson contient des cathepsincs tris actives, capables d'attaquer jusqu'a 10 mg. de protftne par heure, par gramme 
de tissu musculaire frais (Tableau I). Ces cathepsincs sont d'origine musculaire vraie et apparaissent sous forme active (sans inhibiteurs endo- 
gfcnes). Cependant, les poissons fratchement p6ch6s montrent une penetration des enzymes digestives depuis 1'intestin a travcrs la cavit* 
abdominale et vers le tissu musculaire, si le tractus digestif n'est pas soigneusement cnkv6 peu de temps apres la capture du poisson. Par 
exemple. la trypsine provenant de rintestin augmente 8 fois environ dans la cavit6 abdominale (qui semble contenir dle-meme quelques enzymes) 
et dans la zone abdominale des muscles en quatre heures d'entreposage a bord d*un chalutier (Tableau II). 

Le muscle de poisson est trts riche tgalement en peptidases; on prtsente des schtmas de clivage de 20 peptides diff&ents que Ton 
compare avec le nombre bien infcrieur que pr&ente le muscle de mammiftre (Tableau III). On examine quelques questions concernant le rapport 
de la cathepsine aux activity des peptidases et a leurs caracttres sptdfiques. Le muscle de morue attaque jusqu'a 125 mg. de peptide par 
heure par g. de tissu frais. 

On a purifte 90 foj^approrimativemert de la cathepsine de muscle de^ morue et on a 6tudi6 quelques proprtetes enzymatiques. Le 

(13 /n a \\T M). vru i UUUYV quwuire owtvi 

rtacufssulphydrilfe ont une action inhibitricc(_ 

de conduit que la cathepsine de muscle de morue contient des liaisons bisulfures comme des groupes sulphydrilcs, Ce cathepsine, avec plusieuurs 

autraetwrnesdumusdedeU morue. montreapproxiim^ 

Le coefficient de temperature a rivdfc tgatanent une variation inhabitudle (Q 10 1,86 entre 27 et 17C, et Q u 2,45 entre - 3 et - 13C) 

(Tableau V). 

La cathepsine dumusctedemoniepr6sentecependantimegrandesp6dfidt6 It regard dusute Aucun des substrats connus pour 
dtitattaqii^parkscathepstnesdemainmiitoA^BetCn^estattaq On a entrcpris en consequence 

des recherches sur la sp6ctfidt de lubstrat en utilisant de la cathepsine de rate de morue comme modde des cathepsuies de poisson. La 
cathepsine de rate de morue est 20 a 40 fois phis active que la cathepsine de muscle de morue. La purification it 50 fois, effectufte jusqu'ki, 
correspond A une activity du 1/4 de cdle des proteases digestives cristallistes telks que la trypsine, la pepsine, etc. Nous cp6rons que nous 



En condution, ks enzymes proteolytiqucs se prisentent dans le muscle de poisson avec une telle abondance qu*il semble justifi6 de 
qu'eikt jooent un rdk important dans rall6ration du poisson en d6gradant les prot^inei du musde de poisson et en fournissant au 
dtvetoppement des miatM>rganisme des aminoaddes et des peptides. Une connaissance encore metlleure de ces enzymes pounm contribuer 
en fin de compte It fournir k rhommc des aliments marins aussi bons et abondants que possible. 
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ENZIMAS DEL TEHDO MUSCULAR DEL PESCADO DE MAR Y SU FAPEL EN LA DETERIORACION 

Es bta conoddo el etevado grado de digesttbffldad del tcjido muscular del pescado. La intensidad del ataque de los enzimas contra 
!a*proteinMded^o^Woe<xMid^ Por esta razon 

ie realizaron estudtos 



. 

Coatiene el tcjido muscular del pcscado catepsinas muv activas capaces de fraccionar hasta 10 mg. dc protcfna por hora por gramo 
de tcjido muscular fresco (Tabla I). Estas catepsinas son de verdadero origen muscular y existen eo estado acUvo (sin inhibidora end6genos). 



cavidad abdominal y llega al tcjido muscular, a menos que el canal digestive se quite inmediatamente despues de la capture. La tripsina de 
los intestines aumenta unas 8 veces en la cavidad abdominal (que tambien parece contener algunos enzimas) y en el tejido muscular que la 
rodea a las 4 boras de almacenamiento a bordo del arrastrero (Tabla II). 

Tambien abundan las peptidasas en el tejido muscular del pescado. Se dan los datos de desdoblamiento de 20 peptidos diferentes y 
se comparan con las dfras mucho mas pequeflas correspondientes al tejido muscular de los mamiferos (Tabla III). Se exponen algunos aspectos 
de la relacibn entre las actividades de la catepsina y la peptidasa y de las especificidades concernientes. Cada gramo de tejido muscular fresco 
de bacalao desdobla hasta 125 mg. de un pcptido por hora. Con su catepsina se nan hccho hasta 90 purificaciones y se ban estudiado algunas 
propiedades enzimicas. El pH 6ptimo cstA en las proximidades de 4,3. El enzima se inhibc vigorosamente por tones Co++ (31 % a 10~ 5 Af), 
y mucho menos por iones Hg++ (13 % a lp- A/). No hay activacidn por parte de ningun i6n metalico, aunque el cianuro lo activa (181 % a 
10~ 4 Af) y vanos reactivos sulfhidrilos lo inhiben (/xloromercuribenzoato, o-yodosobenzoato, yodoacetatoamida) (Tabla IV). Se desprende 
de estos datos que la catepsina del tejido muscular del bacalao contiene enlaces disulfido y grupos sulfhidrilo. Esta catepsina, junta con varias 
otras enzimas del tejido muscular del bacalao, ofreoe la misma resistencia, aproximadamente, a la desnaturalizacibn teTmica que los enzimas de 
mamiferos. El coenciente de temperature tambien se encuentra en la gama usual (Q 10 1,86 cntre 27 y 17C., Q lo 2,45 entre - 3 y - 13C.) 
(Tabla V). 

Sin embargo, existe una gran diferencia en cuanto a la especificidad de la catepsina del tejido muscular de bacalao. Ninguno de los 
substrates conocidos comosusceptibles a las catepsinas A, B y C de los mamiferos lo desdoblan las catepsinas del tejido muscular de bacalao. 
Por esta razon se inici6 una investigaci6n de la especificidad del substrato empleando catepsina del bazo del bacalao como modelo de catep- 
sinas de pescado. Dicha catepsina es de 20 a 40 veces mas activa que la del tejido muscular. La quincuagesima purification lograda hasta 
ahora corresponde a una actividad de una cuarto parte de proteasas digestivas cristalinas como tripsina, pepsina, etc. Confiamos clucidar en 
breve la especificidad de la catepsina de bacalao (Tabla VI). 

En conclusion, los enzimas proteinicos existcn en el tejido muscular del pescado en tal abundancia, que parece estar justificado 
suponer que dcsempefian un importante papel en la deterioracion del pescado al dcgradar las proteinas de su tejido muscular y crear amino- 
icidos y peptidos para el dcsarrollo de microorganismos. Un conocimiento mas complcto de estos enzimas podria contribuir a suministrar al 
hombre dc grandes cantidades de pescado de excelcnte calidad. 



Fishes 

(cod, herring 

flounder, sole) 

Mammals 

(rat, rabbit, pig, ox) 



TABLE I 

Catbeptk activities in Aril 

Muscle 



3-9 
(0-6) 

0-45 



Liver 

48 
(4-2) 



Spleen 

164 
(11-7) 

26 



Figures as iM. tyrosine/hr./g. tissue (ftM. tyrosine/hr./mg. protein). 



TABLE II 
Alterations in enzyme activftft 



Storage time (hours) 
Trypsin, abdominal cavity . 
Amylase, abdominal cavity 
Trypsin, abdominal muscle . 
Amylase, abdominal muscle 
Trypsin, back muscle . 

Figures as percentage change. 
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100 


310 


760 




100 


510 


710 




100 


190 


860 




100 










100 









8 

8,100 

1,400 

4,650 

140 

130 



TABLE III 
Peptidases in cod muscle 

Cod muscle 



17 different peptides 



Gly-gly 
Gly-gly-gly . 

Gly-L-tnre ' ' '. 635 

Figures as pM./hr./g. fresh tissue. 



Pig muscle 

Cod 
500 


532 



225 
256 
62 
122 



Cod muscle 

Beef muscle 

1-8 

Beef 

194 

162 

75 

288 
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TABLE IV 



Activity 0*M. tyrcwinc/hr./mg. protein) . crude 0-1; purified 9*0 
Preparation (5 steps) .... 90-fold purScat ion 6% yield 
pH-optimum ..... pH4-3 

No activity like cathepsins A, B, or C, Carboxypeptidase, leucine aminopeptidaac 
SH-reagents (each 10- W final cone.) . cyanide . 
^^ sulphide. 

p-Q-Hg-benzoate 

lodoacetamide 



iodosobenzoate 



Meuls (each JO" 1 M final cone.) . 



98 
87 
90 
48 



181 

110 

66 (% activity 
65 of control) 
71 

108 
68 

85 
97 



TABLE V 



Heat itabUity and 1 



Enzyme (cod muscle) 
Cathepsin, purified . 



Temperature 

for 50% 

inactivation 

Uhr) 

52 



Glycylglycine dipeptidase, crude 42 

6 other enzymes (glycolytic, 

oxidative) - . . 30-52 



ClO 

1*86 
2-13 
2-41 
2-45 
1-66 
2-67 



Temperature 

range 
from to 

27 



17 
7 

-3 
37 
12 



17 
7 

-3 

-13 

27 

2 



TABLE VI 
Properties of cod spleen cathepsin 

Activity (pM. tyrosine/hr./mg. protein) . crude 3-0; purified 155 

Preparation (4 steps) .... 52-fold purification 20% yield 

pH-optimum pH 5*1 

No activity like cathepsin A, B, or C, Carboxypeptidase, leucine aminopeptidase 

SH-reagents (each 2 x 10*-* M final cone.) cyanide 

cysteine 

p-Q-Hg-benzoate 
lodoacetamide . 
iodosobenzoate 
N-ethyl maleineimide 



Metals (each 2 x 10-' M final cone.) 



Hg+ + 







93 



Co++ 



124 

89 

38 (% activity 

94 of control) 

67 
120 

94 
106 
114 
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ENDOGENOUS PROTEOLYWC ENZYMES AND THEIR ACTION 
ON WATER-SOLUBLE FISH TISSUE PROTEINS 

by 
A. M DOLLAR and C. M. BLACKWOOD 

A itudy was made of the properties and activities of proteinases in kidney tissues of codfish (Gadus macrocephalus) and rockfish 
(Sebastodes caurtnus and 5. auriculatus) during storage of the fish in ice. Kidney proteinases were partially purified, and used to study changes 
developing in muscle tissue proteins during ice storage of the fish, in an attempt to define the potential relationship of proteolysis to changes in 
tissue quality during the early stages of spoilage before the formation of small molecular products conventionally used as indexes of spoilage. 

The enzyme methods were basically those of Anson (J. Gen. Physiol. 1937; 20, 565-574), using bovine hemoglobin as substrate. 
Cod hemoglobin was tried as a substrate, but was found to be unstable and gave non-uniform results. Distilled water was used to prepare 
proteinase extracts of the kidney tissues, since there was no improvement in the total extracted activity when sodium chloride solutions of 
increasingconcentrations were used. 

The end products of enzyme activity were measured at 280 /*, using the clarified supernatant solution from the reaction mixture treated 

Both codfish and rockfish kidney proteinases had pH optima between 3 and 3*5 and at 6*5; activity was greatest between pH 3 and 
3-5. These enzymes were relatively stable between pH 3 and 7, but were rapidly and irreversibly destroyed below pH 2-5. Greatest stability 
occurred at pH 6*8. 




stored for two to four weeks at 30F. 

Kidney proteinase activity increased rapidly during the first three days* ice storage of codfish, and then decreased steadily from three 
to nine days to below the day level. From nine to thirteen days there was a second increase in activity. 

A significant invasion of kidney by bacteria occurred after one week of ice storage. However, the proteinase activity of these bacteria 
was very low, and could not account per se for the increase in activity. 

The decomposition of globular fish muscle proteins may arise from an alteration of their intramolecular structure, causing an in- 
creased susceptibility to enzymatic hydrolysis. This hypothesis is supported by studies using partially purified rockfish kidney proteinases as 
"probes" to detect changes in water-soluble rockfish skeletal tissue proteins during storage in ice. 

Partial purification of the proteinases was achieved by water extraction of ground kidney tissue at pH 6-8, adjustment of pH to 3-5, 
and fractional precipitation by ammonium sulfate. The 40 to 70 per cent ammonium sulfate fraction gave the largest and most pure proteinase 
precipitate. 

The semi-purified kidney proteinases were allowed to Act on water soluble protein extracts prepared from whole rockfish stored in 
ice for intervals up to 14 days. The rate f hydrolyiif of the extracted proteins increased during the first nve to six days of storage in ice, and 
then the rate decreased steadily for the eraumg nine drays. 

Partially purified rockfish kidney proteinases were able sensitively and accurately to detect early post-mortem changes in water- 
soluble rockfish tissue proteins during storage of fish in ice. 

Since mixtures of enzymes can attack a great variety of peptide bond linkages, the invasion of fish tissues by micro-organisms and 
subsequent hydrolysis by mixtures of endogenous and exogenous proteinases and peptidases is of great importance in the post-mortem degra- 
dation of proteins in fish skeletal muscle. 

LES ENZYMES PROTEOLYT1QUES ENDOGENES ET LEUR ACTION SUR LES 
PROTEINES HYDROSOLUBLES DES TISSUE DU POISSON 

On a fait des recherches sur les proprietes et les activites des proteinases dans les tissus rtnaux de la morue (Gadus macrocephalus) 
et du rockfish (Sebastodcs caurtous et 5. auriculatus) durant leur entreposage sous glace. Les proteines rtnales ont etc purifites partiellement et 
utilistes pour effectuer rttude des modifications qui interyicnnent, durant Fentreposage sous froid du poisson, dans les proteines des tissus 
musculaires; ccttc etude visait a dtfinir les relations potentielles de la prottolyse et des modifications quautatives des tissus durant les premiers 
stades de 1'alttration, avant que ne se forment les petite produits moleculatres utilises d'une facon dassique comme indices de Alteration. 

Les mtthodes enzymatiques ttaient essentiellement celles d'Anson, (J. Gen. Physiol. 1957; 20, 565-574), avec 1'hemoglobine de boeuf. 
L'htmoglobine de la morue a ttt essayte comme substrat, mais elle s'est rtvtlte instable et n*a pas apportt de r6sultats uniforms. On a 
utilise die 1 eau distillte pour preparer les cxtraits de proteinase dans les tissus rtnaux, car il n'y avait pas d*amtlioration darts 1'activitt totale 
des extraits quand on employait des solutions de chlorure de sodium a concentrations croissantes. 

Les produits finaux de 1'activitt enzymatique ont ttt mesures a 280 /* en utilisant la solution surnageante clarifite du melange de 
reaction traitt avec 1'acide trichloracttique. 

Les prottinases rtnales de la morue comme celles du rockfish presentment des pH optima entre 3 et 3,5 et a 6,5 ; 1'activitt ttait 
la plus grande entre 3 et 3,5. Ces enzymes ttaient relativement stables entre pH 3 et 7, mais ellcs ttaient detruites d'une fa^on rapide et 
irreversible au-dessous de pH 2,5. La plus grande stabilitt apparaissait & pH 6,8. 

Les prottinases renales de la morue avaient un indice Q 10 de 2,0 environ. Les proteines des tissus du poisson entrepostes A la tempe- 
rature du laboratoire ttaient hydrolystes par leurs prottinases endogtnes I un taux 4 ou 5 fois plus fort que pour le poisson entrepost a 5 C. 
Les prottines ttaient rapidement inactivtes au-dessus de 30C, mais restaient stables au-dessous de 2flrC Les prottinases dans les tissus 
renaux congelts et les prottinases renales partiellement purifiees etaient relativement stables quand elles etaient entrepostes durant 2 a 4 se- 
matnes a -30C 

L*activitt des prottinases rtnales augmentait rapidement durant les trois premiers jours d' entreposage sous glace de la morue, puis 
dtcroissait ensuite continucllement du 3 9 au 9* jour jusqu'au dessous du niveau du jour initial. Du 9* au 13 e jour, il y avait un second accrois- 
sement de Tactivitt. 

Une invasion trea nette du rein par les bacttries apparaissait apres une semaine d'entreposage sous glace. Cependant, Tactivitt 
propre des prottinases de ces bacttries ttait trts faible, et on ne peut pas attribuer a elle seule ce deuxiemc accroissement de Factivitt. 

La decomposition des protttnes globulaires des muscles du poisson peut ttre une consequence d'une alteration de leur structure 
intramottculaire entratnant une susceptibilitt accrue & 1'hydrolyse enzymatique. Cette hvpothese est appuvt par des etudes utilisant des 
prottinases rtnales partiellement purintes de rockfish comme temoins pour dttecter les changements dans les prottines hydrosolubles des 
tissus du squttette de rockflsh durant Fentreposage sous glace. 
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Une purification partidlc des protcinases a 6t6 effective par extraction aqueuse del tisiui breve* de reins au pH 6,8, rdajusteroent 
du pH a 3,5 et precipitation fractionnee au sulfate d'ammonium. La fraction de 40 a 70% de sulfate d*ammonium donne le prtcipit6 de 
prot&nase to plus important et to plus pur. 

Oh a latest agir des proteinases rdnalcs semi-purifiees sur des cxtraits proteiques hydrosolubles obtenus depuis du rockfish entier 
entrepot sous glace durant des peiiodes atteifnant 14 Jours. Le taux d'hydrolyse des prot6ines extraites augmentait durant les premiers cinq 
ou six jours d'entrepoaage sous glace, et ensuite to taux dccroissait contmueUement durant les neuf jours suivants. 

Les proteinases renales partieDement purifi6cs de rockfish etaient capables de mettre en evidence avcc sensibility et precision tos 
premieres modifications qui interviennent post-mortem dans tos prot&nes hydrosolubles des tissus de rockfish durant son entreposage sous 
glace* 

Etant donnft que les melanges d'enzvmes peuvent attaquer une grande varied de liaisons peptidiques, 1'invasion par les micro- 
organismes des tissus du poisson et leur hydrolyse subsequente par des melanges de proteinases et de peptidases endogenes et exogenes 
piesentent one grande Importance dans la degradation post-mortem des proteines dans les muscles du squetette du poisson. 



ENZIMAS PROTEOLITICOS ENDOOENOS Y SU ACCION EN LAS PROTEINAS DEL TEJIDO MUSCULAR 

DEL PESCADO SOLUBLES EN AOUA 

Se ban estudiado las propriedades y actividades de las proteinasas en los tcjidos del rifl6n del bacalao (Gadus macrocephalus) y 
gallineta (Sebastodes caurinus y S. auriculaius) durante el almaccnamiento del pescado en hielo. Dichas proteinasas se purificaron parcial- 
mente y se emplearon para estudiar los cambios que ocurren en las proteinas del tejido muscular del pescado durante el almaccnamiento en 
hielo, con objeto de definir las posibtos rclacioncs entre la proteolisis y los cambios en la calidad del tejido durante las primeras fases de la 
deterioration, antes de la formaci6n de productos moleculares emplcados normalmente como indices de deterioracion. 

Los metodos enzimicos eran rundamentalmente los de Anson (J. Gen. Physiol. 1937; 20, 565-574), empleando hemoglobina de 
ganado bovino como substrata. Tambi6n se ensay6 como substrato la hemoglobina de bacalao, pero resulto ser inestable y no dio resultados 

cuando se emptoaban soluciones de cloruro s6dico en concentraciones crecientes. 

Los productos finales de la actividad enzimica se midieron a 270 n empleando la soluci6n sobrenadante clarificada de la mczcla de la 
reaccidn, tratada con acido tricloroacetico. 

Tanto las proteinasas del riftdn del bacalao como de la gallineta tcnian pH dptimos comprendidos entre 3 y 3,5 y 6,5; la actividad era 
mayor entre 3 y 3,5. Estos enzimas eran relativamente estables a pH entre 3 y 7, pero se destruian rapida e irreversiblcmentc por debajo de 
ph 2,5. La mayor estabilidad ocurria a pH 6,8. 

Las proteinasas del rifldn del bacalao tcnian un fndice Q 10 de, aproximadamente, 2,0. Las proteinas de tejido muscular de pescado 
almacenadas a tcmpcratura ambiente eran hidrolizadas por sus proteinasas end6genas 465 veces mas rapidamente que en el caso del pescado 
almacenado a 0C. Las proteinasas perdian rapidamente la actividad a temperatures superiores a 30C., pero eran estables por debajo de 
20C. Las proteinasas de tejido de riftdn congelado y las de rifl6n parcialmente purificado eran relativamente estables cuando se almaccnaban 
de 2 a 4 semanas a -30C. 

La actividad de la proteinasa de riftbn de bacalao aumentaba rapidamente durante los 3 primcros dias en que el pescado estaba 
almacenado en hielo, y despues disminuia uniformemente de 3 a 9 dias hasta alcanzar una concentraci6n mas baja que en el primer dia. Del 
9 al 13 dia habia un segundo aumento en la actividad. 

Despues de una semana de almaccnamiento en hielo hubo una importante invasidn del riA6n por las bacterias, pero la actividad 
proteinasa de estas era muy baja y no se to podia atribuir per se el aumento de la actividad. 

La descompostcion de las proteinas globulares del tejido muscular del pescado puede deberse a una alteraci6n de su estructura 
intramolecular que produce un aumento de la susceptibilidad a la hidr6lisis enzimatica. Esta hip6tesis la confirman los estudios en los que se 
usan proteinasas de rifl6n de gallineta parcialmente purificadas como "exploradoras", para determinar los cambios en las proteinas del tejido 
csqucletico de la gallineta solubles en agua, durante su almacenamiento en hielo. 

La purificacidn parcial de las proteinasas se Iogr6 por extracci6n en agua de teiido de rift6n molido, a pH 6,8, ajustando el pH a 
3,5 y precipitacion fraccionada por sulfato de amonio. La fraccidn de sutfato de amonio de 40 a 60% dio el precipitado de proteinasa mayor 
y mas puro. 

Las proteinasas del rifldn semipurificadas se dejaron actuar sobre extractos de proteina solubles en agua, preparados a partir de 
gallineta entera almacenada en hielo, por periodps hasta de 14 dias. La velocidad de hidrolisis de las proteinas extractadas aumentd durante 
los primeros 5 6 6 dias de almacenamiento en hielo y despues disminuy6 uniformemente durante los 9 dias siguientes. 

Las proteinasas de rifidn de gallineta purificadas parcialmente fueron capaces de determinar con sensibih'dad y precisidn los primeros 
cambios post mortem en proteinas de tejido muscular de gallineta solubles en agua, durante el almacenamiento del pescado en hielo. 

Como las mezclas de enzimas son capaces de atacar una gran varicdad de enlaces peptido, la invasi6n del tejido muscular del pescado 
por mkroorganismos y posterior hidrblisis por mezclas de proteinasas y peptidasas end6genas y ex6genas, reviste la mayor importancia en la 
degradacton post mortem de las proteinas de los musculos esquetoticos del pescado. 



DISCUSSION 

On MR. STANSBY'S paper, MR. F. BRAMSNAES (Denmark) 

observed: The reported thiamine values appear to be high, 

whereas the reported riboflavin values seem to be too low. 

Has the thiaminase content been considered? From which 

species were the riboflavin data obtained? 

MR. M. STANSBY (U.S.A.): You are probably correct on 

thiamine and thiaminase. The data on riboflavin are probably 

from an unusual species. 

DR. H. S. OLCOTT (U.S. A.): The histidine content of tuna is 

very important, because histidine is capable of losing an amino 

group to become histamine, which is toxic. 



On DR. BRAMSTEDT*S paper, MR. F. BRAMSNAES (Denmark) 
remarked: (1) In your paper you refer to the statement that 
the low connective tissue content, high water content and high 
free amino acid content lead to rapid spoilage. You state that 
there are also free amino acids present in meat, which spoils 
less rapidly than fish. Is it the low glycogcn content that is 
responsible for rapid spoilage? Halibut has high glycogen 
content and spoils slowly. 

(2) Do we have to revise our old theory of bacterial spoilage 
of lean fish in the light of your statements that enzymes are 
largely responsible for spoilage? Aseptic fish can be kept 4-4 
weeks without spoilage. I would like to know your intention 
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in making this statement. Is it simply to call our attention to 
the importance of enzymes? 

(3) According to your paper, lysine content shows a con* 
stant increase in spoiling muscle. In another part of your 
paper, however, you say that lysine shows a constant decrease. 
How can these two statements be reconciled? 
DR. F. BRAMSTBDT (Germany): Before the main invasion of 
bacteria during the very early storage period, profound 
changes occur, due to the effect of muscle enzymes. Perhaps 
"spoilage" is not the right term: "change in composition" 
might be a better term. These changes involve glycogen, free 
amino acids, and peptides. I agree that bacteria play a most 
important rdle in spoilage. Incipient changes, however, are 
due to enzymes. The enzymes prepare the substrates for 
bacteria. So spoilage involves two steps: (1) changes due to 
the activity of enzymes during the first 1-5 days, and (2) 
changes due to the activity of bacteria after that period. Free 
lysine first decreases; then, as enzymes hydrolyse, the protein- 
free lysine increases. In fact, there are different processes 
involved. 

DR. G. HAMOIR (Belgium): The changes occurring in muscle 
after death have been investigated by Crotos, Bate, Smith and 
Bendall on rabbit muscle. Rigor mortis is observed when the 
phosphagen is broken down and when the adenosine-triphos- 
phate level is low enough. It is this decrease in ATP which 
induces the change of the mechanical properties of muscle and 
the loss of extractability of the muscle structural proteins. 
Fish muscle behaves from this point of view like rabbit muscle, 
but deteriorates more quickly. This difference appears so far 
to be due to two factors : the higher proteolytic activity of this 
muscle, and the higher instability of its proteins. In order to 
place the problem of fish muscle conservation iu its proper 
perspective (we shall not consider here the subsequent bacterial 
invasion), it is important first to realize that fish muscle is 
fundamentally similar to mammalian muscle, and secondly to 
assess the relative importance of the factors which are favouring 
the deterioration of fish muscle. It is well known from scien- 
tists working on the conservation offish that sterile fish muscle 
can be kept for long periods without developing malodorous 
compounds, or giving rise to a significant hydrolysis of the 
muscle proteins. Partman has shown that the amount of 
amino nitrogen liberated by autolysis of carp sterile muscle is 
very small. Similar results have been observed after irradiating, 
as reported at this conference by Dr. Tarr. Furthermore, as 
cathepsin is present in the lysozymes, it actually occurs only 
after destruction of the membrane of these panicles. The 
importance of the proteolytic activity of fish muscle for its 
spoilage does not seem therefore to me well established so 
far. 

On the other hand, the lower content of stroma proteins 
in fish muscle, the easier extractability of fish actin and the 
lower stability of isolated fish myosin are well known. It is 
clear that the structure of the fish muscle cell is more easily 
altered than the one of the mammalian muscle cell. It would 
therefore be desirable to improve the isolation of the fish 
muscle structural proteins and to study their stability under 
various conditions. Further research in this direction appears 
in our opinion more promising in order to improve the 
conservation of fish muscle. 

DR. H. L. A. TARR (Canada): Was there any evidence of 
sugar-amino acid reaction occurring during the decrease of 
amino acids, or was this decrease due to decarboxylation? 
DR. F. BRAMSTEDT (Germany): There was no evidence; but 
I believe that it was due to decarboxylation. 



On DR. JEBSEN'S paper, DR. M. M. A. KADER (U. A.R.) asked : 
Has Dr. Jebsen studied the relationship between the length of 
the carbon chain of the free amino acids and the degree of 
degradation of proteins? Was pyridine further oxidized 
during degradation? 

DR. J. JEBSEN (Norway): I have no further data on the 
degradation of lysine to pyridine. This was only one possible 
pathway. There is no evidence that nicotinic acid could be 
formed from pyridine. In carrying out these researches, 
scientists should consider standardization of methodology, so 
that results of researchers could be compared and readily 
understood by all who might be interested in this type of 
knowledge. 

DR. A. M. DOLLAR (U.S.A.): Dr. Olcott and I have found that 
in myoglobin from tuna one mole of myoglobin contains one 
mole of sulphydryl. Tuna myoglobin is therefore distinct from 
mammalian myoglobin, and contains no sulphydryl groups. 

On DR. DOLLAR'S paper, DR. F. A. L. BRAMSTEDT (Germany) 
observed: Enzymes are evidently of great importance, 
especially during the first part of spoilage. But Dr. Dollar's 
slides indicated little relationship between the amount of 
enzymes present and their activity. I believe the activity to be 
an important factor in the spoilage of fish as handled commer- 
cially. 

DR. A. M. DOLLAR (U.S.A.) : In my own work with Dr. Olcott, 
and in subsequent work of Dr. Brown and Dr. Olcott, a 
purified myoglobin from tuna has been isolated. On analysis 
by the ampcrometric method, one mole of sulphydryl per mole 
of myoglobin has been found. (It is important to note that in 
myoglobins from mammalians there are no sulphydryl groups. 
The presence of sulphydryl groups in myoglobins of tuna is 
important.) The presence of this sulphydryl group in the 
myoglobin of fish results in its rapid oxidation during 
purification. On oxidizing, the purified protein rapidly 
becomes quite insoluble. In impure extracts the protein 
remains quite stable, possibly owing to the presence of 
reducing conditions, possibly owing (at least in part) to enzyme 
action. 

DR. H. L. A. TARR (Canada): What effect has radiation upon 
enzyme systems, since it is well known that irradiated foods can 
be stored for extended periods of time? 
DR. B. C. GUHA (India): Has any work been done on the 
possibility of reversal of inhibition resulting from the presence 
of glutathioninc? 

DR. G. SIEBERT (Germany) : No studies have yet been made on 
this last point, so far as I know. I have to report, however, 
that in my experimental work the versene was present; 
moreover, the pH was properly adjusted. Any discrepancy, 
therefore, might be due to these differences. It was certainly 
possible that results might be affected by irradiation; i.e. 
enzyme stability may have been affected by this process. 
DR. H. L. A. TARR (Canada): Work on cathepsin and the 
effect of copper has proved very interesting. Cathepsin, 
however, occurs inside the particles, and is active only after 
the particles have been destroyed by such processes as freezing 
or cold storage. Have any experiments been carried out on 
factors causing the rupture of these' panicles ? 
DR. G. SIEBERT (Germany): Research had been done on 
methods of extracting the enzymes; the results show that the 
enzymes are bound, and set free only under drastic treatment. 
DR. A. M. DOLLAR (U.S. A.): Water, which disrupts the cell 
walls, has been shown to be a better enzyme extractant than 
the salt solution. 
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Section 2: UPIDS AND VITAMINS 

THE LIProS OF FISH AND CHANGES OCCURRING IN THEM 
DURING PROCESSING AND STORAGE 

by 
J. A. LOVERN 

Frcth fish tistuet are considered under the headings of vertebrate flesh, vertebrate viscera and invertebrates. For the first two of 
these groups the nature of the depot lipids and the non-depot lipids is separately described; for the invertebrates that of the total lipids. For 
att groups the component fatty acids are discussed and representative data presented. 

The commonest depot lipid in vertebrate fish is triglyceridc fat; but in some Elasmobranch species alkoxydiglycerides and the hydro- 
carbon squatene partly or entirely take over this function. In a few species wax esters become important as depot lipids. The non-depot 
lipids contain a great range of compounds. Some novel lipid types have been isolated from aquatic invertebrates. Aquatic animal lipids as a 
whole are characterized by the high average of unsaturation and by the range of chain-lengths found in their component faUy acids. Character- 
istic differences occur in the fatty acids of different lipid classes, while biological factors may also be important in this respect. 

The effects of processing and storage on these lipids are considered according to the agency responsible, under the following headings : 
micro-organisms, heat, freezing, storage temperature, dehydration, salt and biological factors. The only type of lipid degradation considered 
is hydrolysis, since oxidative changes are covered elsewhere. The significance of the above agencies is illustrated by examples from processes 
hi which they are operative. The most detailed information concerns the effects of freezing and of storage temperature on reaction rates. The 
final section discusses what little is known of the effects of such lipid hydrolysis on culinary quality. 

LES LIPIDES DES AN1MAUX MARINS ET LEURS MODIFICATIONS DURANT LE TRAITEMENT ET 

L'ENTREPOSAGE 

Les tissus d'animaux marins frais sont Studies sous les titres principaux de: chair de vert&bres, visoeres de vertebres, et invert6bres. 

Pour tes deux premiers groupes on decrit separement la nature des hpides de depol et celle des lipides qui ne se deposent pas, et pour 
les invertebres, celk des lipides totaux. Pour tous ces groupes, on eiudie les acides gras composants et on presente des donnees representatives. 

Le depot lipidique le plus commun dans les animaux marins vert6bres consist? en triglyceride; mais dans quelques especes d'Elasmo 
branches cette fonction est particllemcnt ou entierement assuree par les alkoxyglycerides et le squakne. Dans quelques especes, des esters 
cireux jouent un role important comme depot lipidique. Les lipides tirculatoires contienncnt une frande varietd de composes. Quelques types 
nouveaux de Upides ont ete isotes des invert6bres aquatiques. Les lipides des animaux aquatiques dans tour ensemble sont caracterises 
par leur haute insaturation moyenne et par I'intervalk de variation des longeurs de chalnes present^ par leurs acides gras composants. Des 
differences caracteristiques apparaissent dans les acides gras des differentes classes de lipides, tandis qu'fc cet egard les facteurs biologiques 
peuvent toe tgalement important*. 

Les eflets du trattement et de 1'entreposage sur ces lipides sont considered en fonction des agents responsables, sous les titres princi- 
paux suivants: micro-organismes, chalcur, congelation, temperature d'entreposage, deshydratation, sel et facteurs biologiques. Le seul type 
de degradation lipidique conakteri est I'hydrotyse, car les changements dus & 1'oxydation sont 6tudtes par ailleurs. Le r61e significatif des 
agents pr6o6demment indiques est illustre par des 6chantillons pitleves au cours des operations oil its interviennent. Les renseignements les 
phis dttaittes concement les effets de la congelation et de la temperature d'entreposage sur les taux de reaction. En section finale, on examine 
k peu que Ton connaisse sur les effets d'une telle hydrolyse des lipides sur la qualitt culinaire. 

LIPIDOS DEL PESCADO Y CAMBIOS QUE OCURREN EN ELLOS DURANTE LA ELABORACION Y EL 

ALMACENAMIENTO 

Los tejidos del pescado fresco se examinan bajo los epigrafes de came de vertebrados, viscera* de vertebrados e invertebrados. Para 
los dos primeros grupos, la naturaleza de los lipidos de reserva y de los de uso constante se describen por separado; en el caso de los inverte- 
brados se describen los lipidos totales. En todos los cases se citan los atidos grasos componcntes y se presentan datos representativos. 

El ttpido de reserva mat comun en el pescado vertebrado es la grasa de los trigticeridos, pero en algunas especies de elasmobranquios, 
kisalcoxidigho6ridosyele8ciialenodesempeAanestafunci6npar^ En unas pocas especies los tstercs de lacera adquieren 

importancia como lipidos de reserva. Los lipidos de uso continue contienen una yran divcrsidad de complicates. Algunos tipos nuevos de 
lipidos se nan aislado a partir de invertebrados acuftticos. En su conjunto, los lipidos de los animates acuatkos se caracterizan por su alto 
promedio de maturation y amplitud de las longitudes de las cadenas que se encuentran en sus acidos grasos componentes. Existen diferencias 
caracteristicas en los Acidos grasos de diversas clases de lipidos y aun los factores biol6gteos pueden revestir importancia en este particular. 

Los efectos de la elaboration y almacenamiento en estos lipidos se estudian de acuerdo con el agente causante de ellos, bajo los 
sigtueotes epigrafes: mtcro-pryanismos, sabor, congejaci6n, temperatura de almacenamiento, deshidratacion, sal y factores biologicos. El 



unico tipo de degradation de lipidos considerado es la hidr61isis, ya que los cambios causados por la oxidation se tratan en otro lugar. La 
importancia de los agentes citados se ilustra mediante muestras de los procesos en los que estan activos. La informacidn mas detallada con- 
tierne a los efectos de la congelation y la temperatura de aknacenamiento en las velocidades de reaction. La section final menciona lo poco 
que se sabe hasta ahora de los efectos de la hidrolisis de los lipidos en la calidad culinaria. 



IN any review with so comprehensive a title as the pounds having certain properties in common. Thus 

above, it is well to begin with a few definitions. It they are insoluble in water, but soluble in organic solvents 

is also desirable to outline the limits which have such as ether, chloroform and benzene. They are 

been set to the scope of the subject matter, derivatives, or potential derivatives, of higher fatty acids. 

Lipids have been defined (1) (2) as a group of com- Although this definition is far from adequate to meet all 
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cases, it is hard to improve on it without loss of conciseness 
and it forms the basis of the first limitation of the subject 
matter below. Certain compounds, which are lipids 
by the above definition, are often also placed in other 
groups according to the purpose of the classification. 
Thus the fat-soluble vitamins are more appropriately 
grouped with the other vitamins for nutritional consider* 
ation and will receive only passing mention in this 
paper. The stcrols are lipids, but sterol chemistry is so 
specialized that it cannot be treated adequately in a 
review devoted mainly to other lipids. Again, therefore, 
stcrols will only receive limited attention in this discus- 
sion. For groups of lipids other than stcrols and fat- 
soluble vitamins, a detailed treatment will be attempted. 

The proximate composition of fish tissues forms the 
subject of another paper. Hence scant reference will be 
made here to the total lipid content of such tissues. 
However, details will be given of present knowledge of 
the types and relative proportions of individual lipids 
which make up this total lipid. The term "fish" will 
be taken to include aquatic invertebrates, but not 
aquatic mammals or aquatic birds. Aquatic invertebrates 
include what many English-speaking people call "shell 
fish". 

It is impossible to include the results of all major 
investigations into the chemistry offish lipids in a review 
of reasonable length. The range of species involved is 
itself of formidable magnitude. The aim will be to present 
a comprehensive picture of present knowledge in the 
field, summarizing experimental data wherever this 
fairly can be done. 

The above definitions and limitations apply to the 
first part of the subject, namely the lipids themselves 
as they occur in living fish. The second part of the 
subject, namely the changes occurring in these lipids 
during processing or storage of the dead fish, as a food, 
has also been limited. Oxidative changes in lipids, like 
the chemistry of sterols, are sufficiently specialised and 
important to merit separate treatment. Another paper 
will deal with them. The changes discussed here are 
those of a hydrolytic nature, i.e. they are the result of 
reactions between tissue components, rather than between 
tissue and air. Processes are grouped according to the 
principles involved, rather than by type of product. 

THE LIPIDS OF FRESH FISH 

For present purposes it would be ideal if "fresh" could 
be taken as synonymous with "live". In some investi- 
gations the tissues have been obtained in pre-rigor 
condition. In other cases the fish have been obtained 
from a commercial catch, or even from a retail fish shop, 
and their condition has been uncertain. With skeletal 
muscle of vertebrate fish it is improbable that serious 
lipid breakdown will have occurred if the fish were fresh 
by organoleptic standards (see below); but it would be 
unsafe to assume this to apply to the lipids of other fish 
tissues or of invertebrates. Lipid hydrolysis, due to post- 
mortem enzymatic attack, could invalidate any data 



on the quantitative distribution of various lipids in the 
tissue. On the other hand, it is unlikely that such 
hydrolysis would seriously affect data on the fatty acid 
composition of individual lipids, other than that of 
such partial hydrolysis products as lysophosphatides. 
In particular, data on the fatty acid composition of fish 
depot fats are unlikely to be influenced by stateness of 
the raw material. 

With these considerations in mind, an account may 
now be given of the lipid composition of fresh fish 
tissues. This will be done under a series of subheadings. 

1. The lipids of vertebrate fidtfleth 

White a great deal of information has been collected 
about the amount and composition of triglyceride fat 
in those fish which use the skeletal musculature as a fat 
depot, the same is not true for other lipids, such as 
phospholipids. Moreover, much of what information 
there is on the non-depot lipids of fish flesh is unreliable, 
because of the inadequate and selective extraction tech- 
niques employed, and of the inadequate separation and 
analytical procedures used to study the extracted lipid 
mixture*. 

Since the data are less ambiguous, and from the 
nutritional aspect of more obvious significance, the 
depot lipids may be treated first. 

1.1. Depot lipids in vertebrate fish flesh. As a general 
guide, a lipid will be regarded as an energy reserve, 
i.e. a depot "fat", when it forms appreciably more than 
1 per cent of the fresh muscle weight. Examination of 
numerous species of fish (see below) has shown that the 
total of non-depot lipids of all types seldom appreciably 
exceeds 1 per cent in the flesh, particularly if the "dark" 
muscle is removed, Reference to dark muscle raises 
the question of other tissues which are closely associated 
with the skeletal muscle, namely skin and subcutaneous 
connective tissue. Unless these are removed, data on 
lipid content may be misleading, e.g. in flatfish (sole, 
halibut, etc.) which sometimes have appreciable deposits 
of subcutaneous fat. 

Data on the actual content of fat in the flesh of various 
species, and the seasonal and other variations in such 
content, belong to the subject matter of another paper. 
Of more concern here is the chemical nature of these 
depot lipids. In the overwhelming majority of species 
they consist of triglycerides, just as they do in most other 
vertebrate animals and also, incidentally, in most higher 
plants. Examples of fish in which the flesh depot lipids 
consist essentially of triglycerides are herring, sardine, 
pilchard, menhaden, anchovy, mackerel, tuna, salmon 
and eel. 

In a few species triglycerides are either accompanied 
or entirely replaced by other lipids. The Elasmobranch 
(cartilaginous) fishes (sharks, rays, etc.) are well-known 
for their numerous biochemical variations from the 
Teleostean (bony) fishes. Their lipid metabolism and 
chemistry is no exception. Some Elasmobranchs 
utilize alkoxydiglycerides as depot lipids, alone or 
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admixed with other types of lipid. Far less information 
is available in this respect for the flesh lipids than for 
the liver lipids; but the dogfish, Squalus acanthica (3a), 
the possibly identical Squalus suckleyi (3b), and the 
basking shark, Cetorhinus maximus (3c), all have "oily" 
flesh (lipid contents up to IS per cent or so) and this 
"oil" is a mixture of alkoxydiglycerides and triglyccrides. 
The ratio of these two lipid types probably varies within 
a species, and certainly does from species to species; 
e.g. <me sample of S. acmthias flesh oil contained 
about 25 per cent of alkoxydiglycerides and 75 per cent 
of triglycerides, while two samples from C. maximus 
contained about 30 and 50 per cent respectively of 
alkoxydiglycerides. The chemistry of the alkoxydi- 
glycerides will be discussed below (section 2.3.). 

It should be noted that a major lipid of some Elasmo- 
branch fish is the hydrocarbon "squalene" (see section 
2.1). Squalene has not been found to be a major com- 
ponent of the flesh lipids of those species in which it 
is abundant elsewhere, (e.g. the liver (3c, d)) although 
it may make up small proportions (e.g. 1-3 per cent) 
of the flesh lipids 

Although not so far reported as major lipids in the 
flesh of any vertebrate fish widely used as human food, 
it should be noted that another class of lipids, the wax 
esters, has been found to replace triglycerides entirely 
in the oil-rich flesh of fish of the genus Ruvettus (4), 
of the fish Xenogramma carinatum (5) and the fish 
Hoplostethus islandicus (6). Fish are not, of course, 
unique in using wax esters as depot lipids, since some 
invertebrates, some mammals and some higher plants 
do the same. The chemistry of these wax esters is also 
discussed below. 

1.2. NttMfepdt lipids in vertebrate fish flesh. Typical 
non-depot lipids are the phospholipids, the sphingolipids 
and the sterols, none of which have ever been found to 
be accumulated as an energy reserve. In addition, 
lipids which may be so accumulated in certain tissues 
are usually found in much lower concentration in almost 
all other tissues of an organism. In these tissues it is 
doubtful, to say the least', whether they should be con- 
sidered as energy reserves. It is usually not known 
whether or not they fluctuate in amount with the general 
nutritional state of an animal For present purposes, 
however, it seems safer to ignore triglycerides in discuss- 
ing non-depot lipids. Traces of wax esters and hydro- 
carbons are also widespread in fish tissues, but so 
little is known of them that again they will be ignored 
in the present section. 

The phospholipids, sphingolipids and sterols are not 
distributed uniformly throughout the entire flesh of a 
fish. Quite apart from any selective distribution at the 
cellular or sub-cellular level, about which there is still 
a great lack of information, all these lipids can show 
considerable variation in concentration in different 
parts of the fish muscle. The most comprehensive 
information of this kind appears to be that of Katada 
et al. (7), a group of Japanese workers who have published 



a whole succession of papers on the phosphatides of 
fish. In the work now cited, they divided the flesh of 
a tuna, Thynnus orientate, into both light and dark 
muscle. The light muscle was further subdivided into 
dorsal and ventral tissues, each of which was split into 
anterior, middle and posterior regions, and these again 
into external and internal tissues. The dark muscle 
was divided into internal and external tissues from 
anterior, middle and posterior regions. Thus a total 
of 18 regions from the flesh were separately examined. 
A selection of their data is given in Table I. Katada et al. 
also found about 0-01-0*06 g./lOO g. of plasmalogens. 

Examination of Table I shows not only the consider- 
able extent of the variation within a single fish, but also 
certain trends. Thus with the light muscle the anterior 
ventral tissues are distinctly the richest in phosphatidyl 
esters and in total phospholipids, but this difference 
between dorsal and ventral tissues becomes less in the 
middle section and non-existent in the tail section. In 
the dorsal regions the external tissues are richer in 
lipids than the internal ones, but in the ventral regions 
there are exceptions to this. Taken as a whole, the dark 
muscle is the richest in total phospholipids, phosphatidyl 
choline, phosphatidyl serine, sphingomyelin, cerebro- 
sides and cholesterol, but not obviously so for 
phosphatidyl ethanolamine. 

The complexity of this mixture of lipids is apparent. 
Moreover, since total phospholipids in this table are 
the sum of those individual phospholipids which were 
determined experimentally, any other types of phospho- 
lipid would have been missed. The high proportions 
of sphingomyelin and cerebrosides reported are surpris- 
ing. Muscle tissue is relatively rich in reducing sugars 
and in nitrogenous extractives, both of which heavily 
contaminate the crude lipids. Katada et al used the 
method of Folch et al. (8) to purify the lipid extracts, 
which should have removed most of the non-lipid 
nitrogen and sugar. Data on crude lipid extracts of 
fish muscle certainly suggest high levels of cerebrosides. 
Thus Kaucher et al (9) comment on the "unexpected 
finding*' of a high level of cerebrosides (i.e. "lipid 1 * 
galactose) in muscle tissue, including fish skeletal muscle. 
Their data on crude lipid extracts, calculated by a 
balance of certain analytical values, are of interest for 
comparison with those of Katada et al. For salmon 
(species not stated) and cod respectively, the values were 
approximately: total phospholipids, 1*3 and 0*85 per 
cent; phosphatidyl choline, 0*76 and 0*66 per cent; 
"cephalin" (i.e. phosphatidyl ethanolamine plus phos- 
phatidyl serine), 0*56 and 0*10 per cent; sphingomyelin, 
nil and 0*10 per cent; cerebrosides, 1 -2 and 0*53 per cent; 
total cholesterol, 0-04 and 0*05 per cent. It will be seen 
that their values for cerebrosides are far higher than those 
of Katada et al. 

Working with flesh lipids ofhaddock (Gadus aeglefinus\ 
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Tissue 

Dorsal 
A, I 
A,E 

M!E 
P.'E 

Ventral 

A|E 

M,l 
M,E 

P:E 

Dark muscle 
A, I 
A,E 
M, I 
M,E 

P.f. 



TABLE I 

C^metrtofcertmtolipidslnthefleshofatBWi 1 
TPL PC PE PS Sph. 



0*65 
0-91 
0-62 
0*88 
0-45 
0'79 

142 
1-47 



0-89 
0-50 
0-64 

1-61 
2-67 
1*76 
1-47 
1-67 
1-06 



0-17 
0-32 
0-17 
0-33 
0-12 
0-33 

0-59 
0-64 
0-64 
0-44 
0-28 
0-35 

056 
0-95 
0-69 
0-60 
0-49 
0-36 



0-12 
0-19 
0-13 
0-18 
0-10 
0-13 

0-39 
0-26 
0-50 
0-20 
0-07 
0-09 

0-22 
0-54 
0-24 
0-28 
0-35 
0-17 



0-10 
0-13 
0-09 
0-10 
0-06 
0-08 

0-18 
0-25 
0-19 
0-15 
0-07 
0-10 

0-41 
049 
0-24 
0-22 
0-30 
0-20 



0-24 
0-24 
0-21 
0-24 
0-16 
0-23 

0-21 
0-25 
0-15 
0-08 
0-06 
0-09 

0-38 
0-67 
0-56 
0-38 
0-50 
0-29 



Cer. 



0-17 
0-26 
0-17 
0-22 
0-10 
0-20 

0-27 
0-25 
0-39 
0-19 
0-13 
0-21 

0-24 
047 
0-38 
042 
0-40 
0-29 



Choi 



0-07 
007 



0-13 
0-05 



0-28 
0-14 



1 Values expressed as g./JOOg. fresh tissue and rounded off from data of Katada et ai (7). Abbrevia- 
tions of column headings: TPL = total phospholipids, PC = phosphatidyl choline, PE = phosphatidyl 
ethanolamine, PS = phosphatidyl serine, Sph. = sphingomyelin, Oar. = cerebrosides, Choi. = cholesterol. 
Abbreviations of tissue portions: A = anterior, M middle, P posterior, I = internal, E = external. 



sine" (really chloroform-soluble nitrogen in the assay 
procedure of McKibbin and Taylor (11)) were indeed 
present in certain fractions, but that their distribution 
did not run parallel. The highest content of reducing 
sugar was found in a sphingosine-free fraction. These 
authors would not commit themselves therefore to any 
estimate of the content of sphingolipids in haddock 
flesh. It is only fair to add at this point that Katada (12) 
fractionated the sphingolipids which he obtained from 
tuna flesh by chromatography on silicic acid. In addition 
to sphingomyelin he obtained seven distinct fractions of 
varying hexose and sphingosine content. No analyses 
are given for fatty acid content, but the yields of hexose 
and sphingosine are of the right order for the cerebroside 
types Katada postulates. 

Katada et ai (13) also studied the phospholipids of the 
flesh of the herring (Clupea p alias ii). With preparations 
purified by the washing procedure of Folch et al. (8) 
they found the compositions given in Table II. Male 
and female fish were examined separately, but showed 
no notable differences in flesh lipids; the results are 



accordingly averaged in Table II. Katada et al. also 
found about 0*01 and 0-05 per cent of plasmalogehs in 
ordinary muscle and dark muscle respectively. As 
might be expected, the similarity in male and female 
lipid composition did not extend to the gonads (roe). 

Comparison of Tables I and II shows that in both 
species the dark muscle is richer in lipids than the 
ordinary muscle. This is, indeed, a general finding by 
other workers with diverse species. It applies to trigly- 
cerides also; e.g. Katada et al. found 2*6 per cent of 
triglyceride fat in the ordinary flesh and 16-5 per cent in the 
dark flesh of the same fish. It is difficult to assess mean 
values for the tuna lipids, in the absence of data on the 
weights of the various tissues examined. But herring 
dark muscle is outstandingly rich in total phospholipids, 
phosphatidyl choline and phosphatidyl ethanolamine. 

Recent work in which purified lipid extracts offish flesh 
have been fractionated on silicic acid columns has given 
a consistent picture. The data of Lovera et al (14) on 
cod (Gadus callarias), of Bligh (15) on the same species, 
and of Gray and Macfarlane (16) on rainbow trout 



TABLE II 

Content of certain lipids in the fleih of the honing 1 

Tissue TPL PC PE PS Sph. Cer. Choi. 

Ordinary muscle . . 0*94 0-50 0-22 0-14 0-06 0-17 0-08 

Dark muscle . . 2-58 1*43 0-65 0*35 0-12 0*45 0-25 

1 Values expressed as g./lOO g. fresh tissue and rounded off from data of Katada et al. (13). Abbrevia- 
tions of column headings: TPL = Total phospholipids, PC phosphatidyl choline, PE phosphatidyl 
ethanolamine, PS phosphatidyl serine, Sph. -= sphingomyelin, Cer. cerebrosides, Choi. cholesterol. 
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TABLE m 



i of cod 



Specks 
Cod (14) . 

Cod (15) . 
Trout (16) . 



(as per cent of total phospholipids) 

PC PE PS PI 

67 23 2 1 



PX 

1 



64 

67 



23 
21 



10 



Not* 1. PC phosphatidyl choline plus choline plasmalogen, 
PE phosphmtidyl cthanolaminc plus ethanolamine 
plasmalogeii, PS phosphatidyl serine plus any serine 
pUsmalogen, PI phosphatidyl taositol, PX = cardio 
Ifota, potyglyccrol phospholipids and unknowns of similar 
chroitiatographic distribution. 

Note 2. Trout flesh phospholipids also contain 2 per cent of 
sphingomyelin. This compound was not directly deter- 
minable from the cited data on cod flesh, but is certainly 
only a very minor component in the samples studied. 

Note 3. Trout flesh phospholipids contain about 2 per cent 
ethanolamine plasmalogen and less than 1 per cent 
choline piasmalogen. Haddock flesh lipids (10) contain 
about 2 per cent plasmalogens and those of cod flesh 
are similar. 



(Salmo iridius) are given in Table III. Bligh's results 
have been calculated by enlarging the figures reproduced 
in his preliminary note and measuring the areas under 
the various peaks. All these workers assessed the total 
phospholipid content of the flesh of these species as 
within the same approximate range, viz. 0*6 0*7 g./ 
100 g. of the fresh tissue. 

Examination of the flesh lipids of cod and haddock by 
counter-current distribution gives a slightly different 
picture from that obtained chromatographically. Thus 
the former technique (10, 17) suggested the presence of 
some 15-20 per cent of unidentified phospholipids 
in the total mixture. Some of this would be polyglycerol 
phospholipids; but some apparently accompanied 
phosphatidyl choline and phosphatidyl ethanolamine 
during chromatography (14). Counter-current distribu- 
tion further suggested that the inositol lipids of cod and 
haddock flesh consisted of more than one type of com- 
pound, and might total more than the amount found 
chromatographically in cod phospholipids (viz. 2 per 
cent for cod and 4 per cent for haddock). Incidentally 
the chromatographic data leave little room for cerebro- 
sides. 

The cholesterol content of cod (17), haddock (10) 
and rainbow trout (16) flesh has been reported as 0*07, 
0*05 and 0*05 g./lOO g. respectively. Some 75 per cent 
is free, the rest esterified. The position with other 
species seems to be very similar. 

While there are fluctuations in total phospholipid 
content both within one fish (7) (18) and from individual 
to individual within a species, these are of a relatively 
minor nature. For 16 cod the phospholipid content of 
the whole skinned fillet was 495 SO mg./lOO g. (19). 
Similarly small standard deviations have been noted 



by Chang et al (20) for sockeye salmon (Oncorhynchus 
nerka), particularly when all were in the same stage of the 
spawning run. Thus, the flesh of salmon at the commence* 
ment and finish of the spawning run contained the 
following proportions of total phospholipids (lipid 
phosphorus x 25) in mg./lOO g.: male fish, 727 38 
and 715 40 respectively; female fish, 690 89 and 
595 6 respectively. 



TABLE IV 
Total pbotpbolipidf fa the He* of Tarkw sped* of flsa 1 



Species 

Angler fish (Lophius piscatorius) 
Dab (Umanda limandd) 
Dogfish (Squalus acanthias) . 
Gurnard (Trigla gurnardus) . 
Hake (Merhtccius merluccius) . 
Halibut (Hippoghssus hippoglossus) . 
Herring (Clupea harengus) 
John Dory (Zeus faber) 
Lemon Sole (Microstomus kitt) 
Ling (Molva molva) 
Lingcod (Ophiodon elongatus) 

Megrim (Lepidorhombus whiff- 
togonis) 

Nunehound (Scylllum canicula) 

Saithe (Gadus virens) 

Skate (Rq/a maculatd) . 

Witch (Glyptocephalus cynoglossus) . 



Amount 
408,480 
585 

553, 625, 628, 793, 880, 910 
645, 670, 720 
570 

564, 565, 575, 587, 690 
722, 775, 780, 815 
562, 580 
510, 535 
457, 485, 505 
578, 578, 597 

550 

465,503 

685,750 

487, 500, 590, 635 

475,500 



*As mg,/100 g. fresh tissue. Data on lingcod from Tomlinson 
et al. (21), others from Olley (19). 



Data on numerous other species examined by adequate 
lipid extraction and purification processes are given in 
Table IV, and may be compared with the values quoted 
in Tables I and II for tuna and herring species and in 
the text for cod, salmon and trout. In considering the 
data in Table IV it is necessary to remember that dark 
muscle was not separated and that the proportion of 
this to ordinary muscle varies with species. Nor were 
the various samples biologically uniform, e.g. for sex, 
season, etc. The variations from fish to fish within a 
species can clearly be greater than those noted above 
for cod, the dogfish being an outstanding example. 
Similarly, variation by species can be appreciable. But 
compared to the well-known large variations in trigly- 
ceride fat in fish flesh, either from species to species or 
often within a species, fish flesh phospholipids do 
correspond pretty well to Terroine's idea of an "il&nent 
constant". 

In conclusion of this section some preliminary data 
may be given on the distribution of non-depot lipids 
at the sub-cellular level in the fish flesh. Work with cod 
at the Torry Research Station, Aberdeen, by Miss D. 
Young (22), has indicated that about 55 per cent of the 
non-depot lipids are present in the myofibrils, about 
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30 per cent in the large granules and about 5 per cent 
in the small granules. The remaining 10 per cent is 
found in the supernatant fluid on differential centri- 
fugation. The actual lipid contents of these cellular 
components are quite different from the proportions 
of tile total lipid present in them. Thus myofibrils 
prepared according to the method of Perry and Grey (23) 
contained only 2*6 per cent of lipids, calculated on the 
protein present at N x 6*25. But myofibrils make up 
most of the cellular substance* By contrast, the large 
and small granules contained about 30 per cent and 
60 per cent of lipids respectively. Qualitatively at least, 
the lipids from all of these fractions, including the 
supernatant liquid on centrifuging, were a very similar 
mixture. 

1.3. Composition of tome individual lipids In fish flerii. 
Fish depot lipids are, in comparison with the depot 
lipids of land animals, remarkable for the complex 
mixture of their component fatty acids. Typically these 
range in chain length from 14 to 22 carbon atoms 
and include numerous highly-unsaturated compounds. 
Actually this characteristic assortment of fatty acids 
appears to depend on the food supply, and it should be 
noted that similar mixtures of fatty acids occur in aquatic 
invertebrates (see below), including the vegetable-feeding 
plankton crustaceans. The fats of freshwater fish and 



marine fish respectively fall into two broad classes, 
probably as a direct result of dietary factors (24) (25). 
Apart from these general types, certain species of fish 
deposit lipids containing a considerably different assort- 
ment of fatty acids from those in their diet. Most of the 
examples of this will be found in a later section of the 
report, but attention may be drawn to the earlier mention 
of alkoxydiglyccridcs and wax esters in fish flesh. These 
lipids are different from ingested fat. 

Far more information is available on the fatty acids 
of the depot lipids than of the non-depot lipids. Indeed, 
there is such a volume of data on the former that only 
a selection can be given. Until recently, the component 
fatty acids of natural fats, including fish fats, were usually 
analysed solely by fractional distillation of the mixed 
methyl esters. Most of the available data on the fatty 
acids of fish fats have been obtained in this way. Such 
a technique is incapable of adequately separating fatty 
acids of the same chain length but of varying level of 
unsaturation. Hence the analyses performed solely 
by this method are expressed in terms of mean unsatura- 
tion for each group of unsaturated acids of the same 
chain length. Saturated acids can be determined fairly 
readily, and so have always been given separately. As 
an example, an expression like 4i C M (2-9)" or 
"C IO ( 5*8H)" would indicate a group of acids, all 



Acid 
drdienofc 

d.-trienoic 
dftetracnoic 



di-trienoic 

di-tetraenoic 
do-dienoic 

do-trienoic 
do-tetraenoic 

Cit-pentaenoic 
drpentacnok 
dt-hexaenoic 



TABLE V 
dis of herring and ncnhaden body oils 1 

Herring Menhaden 

80% 9, 12-diene 



12-diene 
6, 9- 
" 10- 

70% 6, 9, IMricnc 
11% 7, 10, 13- 

6% 4, 7,10- M 

6% 9, 12, 15- 

70% 6, 9, 12, 15-tetraene 
20% 4, 7, 10, 13- 

Mainly 9, 12-dicne 
Mainly 9, 12, 15-triene 

6, 9, 12, 15-tetraene 
11, 14-diene 

8, 11, 14-triene 
11,14,17- 

5, 8, 11, 14-tetraene 
8,11,14,17- 

5,8, 11, 14, 17-pentaene 

7, 10, 13, 16, 19-pentaene 
4, 7, 10. 13, 16, 19-hexaene 



20% 6,9- 

83% 6, 9, 12-trienc 
17% 7, 10, 13- 



95% 6, 9, 12, 15-tetraene 
5% 4, 7, 10, 13- 

80% 9, 12-diene 
20% 6, 9- 

80% 9, 12, 15-triene 
20% 6, 9,12- 

6,9,12, 15-tetraene 

50% 7, 11-diene 
50% 11, 14- 



50% 5, 8, 
50% 8, 11, 



11-triene 
14- 



,8, 11, 14, 17-tetraene 
40% 5, 8, 11, 14- 

5, 8, 11, 14, 17-tetraene 
7, 10, 13, 16, 19-pentaene 
4, 7, 10, 13, 16, 19-hexaene 



1 Data from reft. 26, 28 and 34. Percentages given for herring oil are minimal contents. 
When only one isomer is reported it is certainly the main one, but the absence of small 
amounts of other isomers should not be assumed. 



91 



Fish in Nutrition: Lipids and Vitamins 



with 20 carbon atoms, and mean unsaturation 2*9 
double bonds. The latter mode of expression has been 
used in almost all published work on fish lipids. In 
modern terminology it is more usual to express unsatura- 
tion in terms of double bonds than in terms of lack of 
hydrogen, but this would have been unsafe in the days 
before the structure of the acids was known. Some 
of the unsaturation might well have been acetylenic. 
In the present paper, unsaturation will be expressed as 
average number of double bonds. 

Recently, by the use of such techniques as column 
chromatography, paper partition chromatography, gas- 
liquid chromatography and counter-current distribution, 
it has been possible to subdivide the various homologous 
groups obtained by fractional distillation. It has further 
been possible to detect the presence of traces of acids 
with an odd number of carbon atoms. Previously these 
had been detected by repeated large-scale fractional 
distillation in the liver fat of one species of shark (see 
below). Probably they are of widespread occurrence 
in fish lipids, but have been missed in the usual fractional 
distillation procedures. 

As examples of the complexity of fish flesh lipids, 
some recent data on herring oil and menhaden oil are 
given in Table V. It will be seen that the unsaturated 
C 18 acids of herring oil are claimed to contain at least 
12 components, made up of various isomers of mono- 
enoic, dienoic, trienoic and tetraenoic acids (26). In 
menhaden oil eight components have been characterized 
in this one group of acids (27). Menhaden oil has been 
found to contain at least 23 unsaturated acids in a total 
of over 44 component acids (28). Included in these 



are small proportions (0*05, 0*60, 0*65 and 0*09 per cent, 
respectively, in the sample examined) of saturated acids 
with 13, IS, 17 and 19 carbon atoms (29). 

Although such detailed data are very instructive and 
emphasize the great complexity of fish fats, it must not 
be forgotten that the relative proportions of these 
components will be considerably different in different 
samples from the same species. Thus herring oil is 
known to vary widely in composition according to the 
season of the year and the type of food ingested (30). 
Hence it would be unwise to attach too great a signifi- 
cance to all the quantitative aspects of the data in Table 
V. Some features appear to be a general finding. Within 
most homologous groups the most highly unsaturated 
of the polyenes is the most plentiful, viz. C 18 -tetraene, 
Qo-pentaene, C M -hexaene. (C 16 -polyenes are an 
exception.) The multiple unsaturation is invariably of 
the methylene-intcmipted type; never conjugated and 
never with more than one methylene group between the 
double bonds. The individual isomers and their relative 
proportions are very similar in the two oils. The 
characteristic polyenes of terrestrial plant and animal 
life (namely linoleic and linolenic acids) are present only 
in traces. Indeed, feeding tests on rats deficient in 
"essential fatty acids" have shown that both linoleic 
and arachidonic acids, as well as any acid which could 
substitute for these, are present only to about 2 per cent 
of the total in the flesh lipids of herring, menhaden and 
tuna (31). This agrees with earlier work on herring and 
menhaden flesh oils and on the liver oil of the cod (32). 
The greater part of the polyenoic acids offish fats belong 
to Klenk's (33) "linolenic series", when their unsatura- 



TABLE VI 

Examples of variation in ferry add compodtioo in fish fleth Hpids due 
to biological and dietary Influence* 1 



Fish 



Herring (30) 
(Clupea harengus) 



Trout (41) . 
(Salmo truttd) 



Salmon (42) 
(Salmo salar) 



Sample 



(a) 
(b) 
(c) 
(d) 
(e) 
(0 



(g) 



8-0 



8-3 



3-1 



Saturated acids 

14 Cie i 

15-7 

12*1 
19-1 



0-2 



0-3 



4-5 



2-2 17-0 



2-7 17-7 



2-7 



14*3 



13-2 



4-0 



3-3 



5-0 



1-0 



0-5 



0-4 



0-1 



0-7 



Unsaturated acids 



4-6 
0-3) 


22-2 
(1-4) 


22-0 
(1-9) 


27-3 
(2-1) 


6-4 
(1-7) 


21-0 
(2-2) 


28-3 
(2-7) 


23-1 
(2-3) 


11-5 
(1-3) 


38-3 
(1-9) 


15-0 
(3-9) 


8-2 
(5-0) 


8-8 
(1-2) 


26-3 
d-5) 


19-7 
(3-3) 


19-0 
(4-6) 


21-7 
(1-1) 


30-0 
(1-9) 


12-9 
(4-1) 


9-9 
(5-1) 


7-9 
(1-0) 


32-2 
(1-0 


19-4 
(3-3) 


17-8 
(4-7) 


4-3 
(1-0) 


27-3 
(1-3) 


25-8 
(2-6) 


26-1 
(3-9) 



1 Values expressed as present by weight of the total acids. Mean unsaturation values, as average number of 
double bonds, in parentheses. Samples as follows: (a) lean fish caught in April, (b) fatty fish caught in July 
after intensive feeding, (c) non-migratory form, (d) migratory form, (e) young fish at "parr** stage, (f ) young 
fish at "smolt" stage, (g) mate fish after spawning. 
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tion is considered relative to the terminal methyl group 
rather than to the carboxyl group. 

It is noteworthy that the polyunsaturated fatty acids 
of the depot lipids in the flesh of other species appear 
to contain the same major isomcrs. Thus, S. African 
pilchard oil contains the same C 16 -tetraene (35), Qg- 
tetraene (36), C, -pentaenc (37) and C,,-hexaenc (38) 
as the predominant forms in herring and menhaden 
oils. The same Cn-hexaene has also been found in the 
flesh oils of tuna (39), and of the Japanese macktTel- 
pikc(Cololabissatra)(4Q). Japanese sardine (Clupanodon 
melanostica) oil contains a CV5, 8, 11, 14-tetraene (40). 
A difference from herring and menhaden is claimed for 
the Cg S -pentaenoic acid of Japanese mackerel-pike (40), 
where the main component appears to be the 4, 7, 10, 13, 
16-isomer. 

Even if the data were available, it would be difficult 
to tabulate quantitative fatty acid compositions for 
numerous fish lipids based on over 40 component acids. 
Since variation in the relative proportions is, moreover, 



certain to occur, there win continue to be a use for tabula- 
tions of the type derived frbm simple ester distillations. 
A selection of these is given in Tables VI, VII and VIII. 
Table VI illustrates the extent of the variation that may 
exist with a species; Table VII lists the fatty acid 
compositions of some representative flesh depot lipids; 
and Table VIII that of some flesh non-depot lipids. 
Various trace components, and occasionally minor 
components, have been omitted from these tabulations. 
A dash indicates that the acid in question was either 
absent or present in such low concentration that it was 
not detected. Admitting the inevitability of variation, 
as well as experimental inaccuracy, numerical values in 
fatty acid composition tabulations have been approxi- 
mated to the nearest whole numbers from Table VII 
onwards. 

The characteristic differences between the lipids of 
freshwater and marine animals are the greater propor- 
tions of Q 6 - and particularly C 18 - unsaturated acids, 
and the lesser proportions of C w - and particularly 



TABLE VII 
Fatty add competitions of some ft* flnk otpot lipids 1 



C 14 

7 



Saturated acids 
C lt 
17 



C 1 

3 

1 



Fish Saturated acids Unsaturated acids 

Menhaden (43) 
(Brcvoortia tyrannus) 

Sorat(44) . 
(Clupea sprattus) 

Pilchard (45) . 
(Sordino oceltata) 

Carp(44) . 
(Cyprinus carpio) 

Pollan(44) . 
(Coregonus pollan) 

Castor-oil fish (4, c) 
(Ruvettus pretiosus) . 

1 Expressed as in Table VI. Unsaturated C 14 -acids andC je -acids mainly monoethenoid. The lipid from the 
castor-oil fish is entirely composed of wax esters. In addition to the acids listed it contains 13 per cent of a 
hydroxy-olcic acid. 



19 



17 



15 



14 



3 



C 14 


c le 


C 18 


C 80 


C.. 


trace 


15 
(1-7) 


22 
0-7) 


20 
(3-8) 


11 
(5-8) 


trace 


16 


29 
(1-4) 


18 
(2-8) 


11 
(3-5) 


2 


15 
(1-6) 


19 
0-9) 


26 
(4-4) 


11 
(4-5) 


1 


18 


46 
0-6) 


15 
(3-4) 





1 


20 


40 
(1-6) 


14 
(3-7) 


6 
(4-5) 








75 
0-0) 


3 
(1-0) 


(10) 



Fish 



Haddock (46) . 
(Gadus aeglefinus) 



Trout (16) . 
(Salmo iridius) 



TABLE VIII 
Fatty mdd compositions of some non-depot lipi 

Saturated acids 
C u C lf C lt 

Trace 14 7 



Lipid 

Triglycerides 
Cholesteryl esters 



Lecithins 



Lecithins 



Cardiolipin 



8 



18 



26 



19 



13 



fish flesh* 



Unsaturated acids 
C 16 Cn Cot 



14 


26 
(2-0) 


26 
(3-5) 


13 
(5*4) 





20 
(1-7) 


29 
(3-0) 


37 
(3-9) 





14 
(2-1) 


35 
(3-6) 


24 
(5-4) 


3 
0-0) 


13 
(M) 


11 
(4-5) 


42 
(5*9) 


(1-0) 


51 
(M) 





2 
(5-0) 



1 Expreued as in Table VI. Unsaturated C,,-acids of haddock trigl ycerides are mainly monoethenoid. 
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unsaturated acids in the freshwater organisms (41). 
Example of this effect within a species can be seen in 
Table VI: The non-migratory form of Salmo trutta 
spends its entire life in freshwater, the migratory form 
feeds heavily in the sea. Salmon parr live only in 
freshwater. The adult salmon feeds only in the sea. 
(The changes in salmon fat in the parr-smolt meta- 
morphosis are probably due to non-dietary factors). 
Further examples involving different species are given 
in Table VII, carp and pollan being freshwater species, 
the others marine. The castor-oil fish is included for its 
biochemical interest. 

While the data in Tables VI and VII may be taken as 
representative of the great majority of fish flesh depot 
lipids (at least of Teleostean fish; data on Elasmobranch 
flesh lipids are lacking), it will be seen from Table VIII 
that the non-depot lipids present a different picture. 
Stearic acid seldom amounts to more than a few per cent 
of the total acids of fish depot lipids, but may be more 
important in some of the non-depot lipids. At the other 
end of the saturated acid series, myristic acid, practically 
a universal minor component of the depot lipids, may 
be absent from some non-depot lipids. Among the 
unsaturated acids, the total absence of C 14 -compounds 
and the marked reduction in C lc -compounds in some 
non-depot lipids may be noted, together with the some- 
times unusually high proportions of Ct t -compounds 
in non-depot lipids. Trout cardiolipin is outstanding 
in its marked lack of longer chain acids and its low level 
of unsaturation. Far more data on non-depot lipids 
are required before a representative picture of their 
characteristic compositions can be formed. 

In those fish lipids which are partly or entirely wax 
esters, the higher aliphatic alcohols are typically mainly 
of 16 and 18 carbon atoms, with unsaturation largely 
confined to a monoethcnoid C ia -alcohol. Thus in 
Ruvettus pretiosus flesh lipids the alcohols consist of 
50 per cent hcxadecanol, 6 per cent octadecanol and 
44 per cent octadecenol (4c), and in Xenogramma 
carinatum they contain about 60 per cent hcxadecanol 
and 35 per cent octadecenol (5). 

Before leaving this section it may be of interest to 
note the detailed composition of the mixture of aldehydes 
released from the ethanolamine-plasmalogen of trout 
flesh (16). Gas chromatography of their dimethyl 
acetals gave the following proportions (as percentages of 
the total aldehydes) of various compounds: (i) saturated 
aldehydes, straight chain; C 16 11*0, C ]6 66-5, C 17 trace, 
C 18 3*7, C M trace; (ii) saturated aldehydes, branched 
chain; C 1 0*5, C 17 4*3, C lf 3*4. Only one unsaturated 
aldehyde was found, v/z., the straight chain C 18 -mono- 
ethenoid compound, amounting to 10-7 per cent. 

2. Tbe visceral llpWs of vertebrate fish 

Fish often use one of the internal organs as a lipid depot. 
In many species the liver is so used, and 75 per cent or 
more of its fresh weight may be lipid. In other species 



fat is stored in the mesenteric or peritoneal membranes 
and in a few cases in the ovaries. 

Fish visceral lipids are of nutritional significance. 
In some cases the organs are consumed as human food 
(e.g. roe and liver), or the lipids are used medicinally 
(e.g. fish liver oils). In other cases the viscera, either as 
such or as part of the whole fish, are used in making 
fish meal for animal use. Quantitatively, only the 
liver and roe are likely to be important and, as it happens, 
far more data are available on the lipids of these organs 
than of others. This section will, therefore, largely be 
concerned with fish liver and roe. 

2.1. Depot Up Us in fish viscera. The significance which 
will be attached to the word "depot" is similar to that 
in section 1.1, except that the critical level must be raised 
somewhat from 1 per cent. The content of phospholipids, 
sterols, etc. in viscera is often as high as 5 per cent or 
so of the fresh weight. Lipid contents appreciably 
in excess of this will be taken as evidence of the presence 
of depot lipids. 

As with flesh depot lipids, triglycerides are the most 
widely distributed type of visceral depot lipid. However, 
among the Elasmobranch fishes, alkoxydiglycerides are 
of common occurrence. All such fish have large, oil- 
rich livers, even when they also use the flesh as a major 
depot (e.g. in Squalus acanthias, where the liver may 
amount to 10 per cent or more of the live weight and 
contain up to 75 per cent of lipid). In many Elasmo- 
branchs the liver depot lipids consist only of triglycerides, 
e.g. in the thresher shark (Alopoecia wipes) or the skate 
(Raia maculatd). In others (e.g. Squalus acanthias) 
a mixture of alkoxydiglycerides and triglycerides is 
found, while in yet other species alkoxydiglycerides 
may compose the whole of the lipid (e.g. at times in the 
ratfish, Chimaera monstrosa). In still another group of 
Elasmobranch fish, the hydrocarbon "squalene" forms 
a part of the liver depot lipids. Squalene is not a "lipid" 
according to the definition given in the introduction; 
but it is biogenetically related to an undoubted class of 
lipids, the sterols, and it certainly seems to function 
as an energy reserve lipid in these fish. Squalene is 
typically accompanied by alkoxydiglycerides, while 
triglycerides may or may not be present also. Squalene, 
a well-known dihydrotriterpene with six double bonds, 
CM H M , is always accompanied by smaller proportions 
of two other hydrocarbons, namely "pristane' ' (2, 6, 10, 
14-tetramethylpentadecane) (47) and "zamene", an 
unsaturated analogue of pristane with a double bond 
between carbons 1 and 2 (48). The ratios of squalene 
and of alkoxydiglycerides to each other and to trigly- 
cerides can vary widely, even within a species. Thus the 
liver oil of the basking shark has been reported (3c) 
(49) to contain from 7-45 per cent of squalene and 
2-7 pa* cent of pristane, the balance being mainly 
triglycerides. Again, that of the ratfish (50) may contain 
from about 30 per cent to almost 100 per cent of alkoxy- 
diglycerides, with a squalene content ranging from 
virtually nil to about 60 per cent. Such variation makes 
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nonsense of any attempt to tabulate precise data on the 
overall lipid composition of many Elasmobranch fish and 
a descriptive account, such as the present, is less likely 
to be misleading. 

It should be noted that squalene and its companions 
are not confined, as major components, to liver tissues. 
Thus they have been found in shark egg (51) and stomach 
lipids (52). 

Wax esters do not appear to be common major com- 
ponents offish liver lipids, although in trace amounts they 
must be widespread, since higher aliphatic alcohols are 
common components of the 1 per cent or so of unsaponifi- 
able matter obtained from fish depot lipids. They occur 
in larger proportions, however, in the liver lipids of at 
least two Japanese species, viz. Lotella phycis (53) and 
Laemonema morosum (54), in each of which about 20-30 
per cent of higher aliphatic alcohols has been found. 
Waxes may also form an important proportion of the 
total lipids of the ovaries of some fish. The outstanding 
example of this is the grey mullet, Mugil japonicus, 
the dried and salted ovaries of which are a greatly 
esteemed Japanese food. The product as eaten contains 
some 25-30 per cent of lipids, of which nearly 90 per 
cent is wax esters, the remainder being triglycerides (55). 
The ovaries of the globefish, Spheroides porphyreus, 
contain about 30 per cent of oil, which itself contains 
about 5-10 per cent of wax esters (56). 

Before leaving this section, it should be noted that 
a most unexpected lipid may form one of the most 
abundant individual components of the visceral lipids 
of some fish. This is vitamin A and its esters. In such 
fish as the halibut, containing about 20 per cent of total 
lipids in the liver, it is possible for this lipid to contain 
up to 10 per cent of vitamin A (57a). Since this vitamin 
is almost all in the esterified form, the esters amount 
to about 4 per cent of the liver weight. In other tissues, 
e.g. portions of halibut intestinal tract, the total lipid 
(about 2-5 per cent of the fresh tissue) may contain up 
to 60 per cent of vitamin A esters (57b, c). The total 
vitamin A content of a large halibut may be as much as 
90 g. and the enormous and rapid seasonal variations 
suggest that its esters may fairly be regarded as a depot 
lipid. 

In some other species of fish both vitamins A and D 
are accumulated in amounts far beyond those normally 
associated with vitamin requirements, and may then 
form a very high proportion of the lipids of such tissues 
as liver or intestine. 

2.2. Non-depot lipids of fish viscera. The same qualifi- 
cation about inadequate extraction and analytical 
techniques, as was made above for published data on 
the non-depot lipids offish flesh, applies to most data on 
the visceral lipids. Much of the information has been 
summarized elsewhere (58). Fish liver has been variously 
reported to contain from less than 0*2 per cent of total 
phospholipids to 3*5 per cent of lecithin alone. The 
lowest values certainly represent incomplete extraction. 
It is claimed (59) that in at least one species, the Japanese 



sardine (Clupanodon melanosticd), the liver content of 
lecithin varies with the total fat content, according to 
the nutritional status of the fish, from about 0*7 per 
cent to about 3-6 per cent of the fresh tissue. The sterol 
content of fish liver varies with the nutritional and 
biological status of the fish, e.g. values from 0*50 to 
1 *42 per cent have been found for the pike, Esox lucius 
(60). This sort of range seems to cover many species, 
judging by fragmentary data on various fish liver oils. 
The eggs of a salmon (Oncorhynchus keta) have been 
reported to contain about 1-3 per cent of lecithin, 
together with much smaller amounts of other glyccro- 
phosphatides and sphingolipids (61). 

Some quite detailed data have been published on the 
content of lecithin, cephalin, sphingomyelin, cerebro- 
sides and cholesterol in the brain and spinal cord of 
numerous species of fish (62), but in view of the small 
relative size of these organs their nutritional significance 
is negligible. 

2.3. Composition of aome individual lipids in fish 
viscera. The fatty acid composition of depot trigly- 
cerides in fish viscera is very similar, both qualitatively 
and quantitatively, to that of the flesh depot triglycerides 
already discussed. There is a dearth of studies by modern 
methods on the structure of the component polyethenoid 
acids of fish visceral lipids, but it seems probable that 
they are generally similar to those of fish flesh lipids. 
Thus Klenk and Bongard (63a) showed that early work, 
which suggested the presence of an ethylene-interrupted 
type of unsaturation, was incorrect and that in at least 
two fish liver oils, namely those of cod (Gadus callarias) 
and skate (Raia batis), all the polyenoic unsaturation 
was methylene-interrupted. The C^-pentaenoic acid of 
cod liver oil has been shown to be the 5, 8, 11, 14, 17- 
isomer (63b) (compare Table V). Nutritional evaluation 
of cod liver oil (32) has shown the same very low content 



TABLE IX 



Type 
Straight chain 



Chain length and structure 



of the liver fet 



Some trace aad mfoflf component 
of the school rimrk (Galeorhinus australis, MacLeayX64) 

Concentration 

(% of total 

acids) 

/i-pentadecanoic 0-28 

ffheptadecanoic 0*17 



Branched chain 
(fee-series) 

Branched chain 
(anteiso+cTm) 

Multibranched 



n-pentadccenoic 0-018 

it-hepta-9-enoic 0-073 

/t-nona-11-cnoic 0-042 

w-nona-10-cnoic 0*007 

ir-nona-12-enoic 0-008 

13*methyl-tetradecanoic 0-1-0-2 

15-methyl-hcxadecanoic 0-1-0-2 

12-mcthyl-tctradccanoic 0-11 

14-methyl-hcxadecanoic 0-18 

dimethyl-hexadecanoic ? 
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TABLE X 
Variation In the fatty add comporitkm of cod Itar oft* 



Sample Saturated acids 


Unsaturated acids 


1(65) 


C 14 

6 


8-5 


0-5 


C u 

trace 


Cu 

20 
(M) 


Cu 

29 
(1-4) 


C,p 

26 
(3-0) 


c,, 

10 
(3*4) 




2(65) 


3-5 


10 





0-5 


15-5 


25 
(1-4) 


31-5 
(3-0) 


14 
(3-2) 


3(65) 


5 


6-5 


trace 


0-5 


16 


31 
(1-4) 


30-5 
(2-5) 


10-5 


4(66) 


2 


14 


1 


2 


10 


26 
(1-6) 


25 
(2-7) 


20 
(3-7) 


5(67) 


4 


11 


1 


trace 


11 


27 
(1-2) 


27 
(2-5) 


19 
(3-5) 


1 Expressed as in Table V. Unsaturated C 


14 - and Cu-acids are mainly 


monoethenoid. 



of acids of the linoleic series as was found for fish body 
oils. 

The liver oil of one species of shark (Galeorhinus 
australis) has been shown (64) to contain a great range 
of trace and minor components with odd-numbered 
carbon chains (both saturated and Unsaturated), and with 
branched chains of both the iso and anteiso-scries. The 
data have been assembled in Table IX. It remains to 
be seen how general this picture is among both Elasmo- 
branch and Teleostean fishes. 

The fatty acid composition of visceral depot lipids 
may vary with dietary and biological influences, as was 



shown to be the case for fish flesh depot lipids. This is 
illustrated for cod liver oil in Table X. This biological 
variability should always be remembered when consider- 
ing the results of a single analysis (as are most of those 
in the literature), which furthermore may have been 
performed on a sample from one or two fish only. 

A representative selection of the numerous species 
whose visceral fats have been examined is given in Table 
XL The first three species are freshwater Teleosts. The 
low level of C 22 -acids in all, and of C ao -acids in two, 
can be seen. In the pike, Esox lucius, an inhabitant of 
temperate regions, the generally high level of Q*- and 



Species 

Catla Buchanan! (68) 
Leporinus affinis (69) 
Esox Indus (44) . 

Salmo solar (70) 
Conger vulgaris (71) 
Gadus virens (65) . 
Genypterus blacodes (72) 
Alopoccia vulpes (73) 
Raia maculate (65) . 



TABLE XI 
Examples of the fatty add composition of visceral triglycerides offish 1 



Tissue 



Liver 



Mesentery 
Mesentery 



Ovary 



Peritoneum 



Liver 



Ovary 



Liver 



Liver 



Liver 



Saturated acids 



19 



24 



15 



13 



19 



12 



20 



11 



trace 



trace 



trace 



trace 



trace 



trace 



14 



17 



trace 



Unsaturated acids 



Cu 


Cu 


C IO 


c,, 


7 


25 
0-3) 


27 
(2-4) 


9 


11 
(M) 


34 
0-3) 


14 
(2-8) 


6 
(4-0) 


20 


42 


15 


4 




(1-7) 


(3-3) 


(40) 


10 


35 
(1-3) 


23 
(3-8) 


15 
(5-6) 


6 


41 
(M) 


18 
(2-7) 


13 
(4-2) 


9 


30 
(1-6) 


27 
(2-7) 


16 
(3-6) 


7 


31 
(1-5) 


29 
(3-6) 


11 
(3'6) 


12 


19 
(1-7) 


31 
(3-3) 


17 
(5-2) 


10 


21 
(1-6) 


33 
(3-6) 


18 
(4-7) 


6 


21 
d'5) 


22 
(3*0) 


31 
(5-1) 



1 Expressed as in Table VI. Unsatarated C u acids are mainly monoethenoid. Some oils contain minor proportions of additional adds. 
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Qg-unsaturatcd acids, mentioned above as another 
characteristic of freshwater fish, may be noted. The 
other two freshwater species inhabit warm waters of 
India and S. America respectively* Their fats tend to 
be rather less highly unsaturated than those of fish from 
cooler water, and this is reflected in increased levels of 
stearic acid. 

The salmon, Salmo solar, matures its ova while draw- 
ing on its store of body fat. During this maturation, the 
composition of the ova fat alters considerably, especially 
in the proportion of C 18 -acids and their mean level of 
unsaturation. The example given in Table XI is represen- 
tative of the fully ripe ova. 

The next three fish in Table XI are marine Teleosts, 
and the last three marine Elasmobranchs. It can be seen 
that, when Elasmobranch fish utilize triglycerides alone 
as a depot lipid, as do these particular species, their 
component fatty acids closely resemble those of marine 
Teleosts. 

Those Elasmobranch fish which use alkoxydiglycerides 
as depot lipids, whether alone or mixed with triglycerides 
or with squalene, show a pronounced tendency to 
modify their fatty acids compared to the typical marine 
fish type, i.e. compared to their dietary fat. Unsaturation 
is greatly reduced, and in extreme cases polyethenoids 
are completely absent. There is a tendency to incorporate 
appreciable proportions of a C M -monoethenoid, whereas 
C M -acids of any kind seldom amount to more tham, 
trace components of other fish oil*. Stearic acid may 
amount to more than the usual traces, and arachidic 
acid, normally virtually absent, may amount to 1 per 
cent or so of the total acids. In Table XII are given the 



cerides, even the triglycerides may be modified in the 
same direction. 

The compounds with which the fatty acids are com- 
bined as alkoxydiglycerides are typically composed of 
ethers of glycerol with Q 6 - and C^-alcohols. The 
predominant glyceryl ether is always that known as 
"selachyl" alcohol, which is D-glyceryl-l-octadec-9-enyl 
ether. The next most abundant component is "chimyl" 
alcohol, D-glyceryl-1-hexadecyl ether, with somewhat 
smaller proportions of "batyl" alcohol, D-glyceryM- 
octadecyl ether. Minor proportions of other homologues 
may be found. Thus Matins (75), by gas chromatography 
of the aldehydes obtained by oxidation, found the follow- 
ing composition for the glyceryl ethers of Squalus 
acanthias liver oil: selachyl alcohol, 44 per cent; chimyl 
alcohol, 24 per cent; batyl alcohol, 18 per cent; glyceryl- 
1-decyl ether, 6 per cent; glyceryl-1-dodecyl ether, 
trace; glyceryl- 1-tetradecyl ether, 1-6 per cent; glyceryl- 
1-eicosyl ether, trace; glyceryl-1-docosyl ether, 2 per cent. 
There were also indications of the existence of small 
amounts of polycthenoid glyceryl ethers, such as were 
reported by Japanese workers (76). 

The wax esters of fish viscera merit further study. The 
alcohols involved vary with the species. Thus in the 
ovary wax of the grey mullet (Mugil japonicus) they 
consist largely of hexadecanol (cetyl alcohol), hexadec- 
9-enol (zoomaryl alcohol) and octadec-9-enol (oleyl 
alcohol) (4b) (77). In the liver wax of Lotella phycis, 
hexadecanol, eicosanol and docosanol have been identi- 
fied among the saturated components (53); but the 
total alcohols were predominantly unsaturated (iodine 
value about 80). The ovary wax of the globefish (Sphe- 



TABLEXH 
Examples of the fatty add composition of fleh U w aJkoxydiglyceridet l 



Species 


Saturated acids 


Unsaturated acids 




C 14 


c lf 


C M 


C M 


C 14 


C 1 


C 18 


C >0 


c,, 


C, 4 


Chimaera (50a) . 
monstrosa 





8 


7 


1 





3 
(1-0) 


51 
(M) 


20 
(1-4) 


8 
0-7) 


2 


Scymnorhinus (74) 
lichia 


1 


14 


4 


1 


trace 


4 
(I'O) 


29 
0-0) 


11 
(1-0) 


26 
(1-0) 


10 
0-0) 


Squalus (\) (15) . 
acanthias 


6 


27 


3 


trace 


(1-0) 


7 
(M) 


26 
0-0) 


13 
0-0) 


16 
(I'O) 





(2) (65) . 


6 


10 


3 








9 
(1-0) 


25 
(M) 


29 
(1-6) 


12 
(20) 


6 
0-0) 


1 Expressed! 


is in Table VI. S. acanthias (1) represents alkoxydiglyceride fraction 


alone, 


(2) the total liver oil. 



fatty acid compositions of the liver oils of three Elasmo- 
branchs. The ratfish (Chimaera monstrosa) sample 
examined consisted solely of alkoxydiglycerides. The 
oil of the shark Scymnorhinus lichia contains a large 
proportion of squalene, the balance being essentially 
all alkoxydiglycerides. The oil from the dogfish, Squalus 
acanthias, is about 75 per cent triglycerides and 25 per 
cent alkoxydiglycerides. The composition of the total 
oil shows that, in fish which accumulate alkoxydigly- 



roides porphyreus) contains hexadecanol, octadec-9-enol, 
eicos-11-enol, docosanol and docos-13-enol (56). The 
alcohols of liver wax of Laemonema morosum contain 
about 50 per cent of an isomer of the last-named com- 
pound, namely, docos-11-enol, together with polyenoic 
alcohols (54b) (78). The fatty acids of these wax esters 
do not appear to have been studied really quantitatively; 
but in some cases they are less highly unsaturated than 
those of fish triglycerides, thus recalling the position 
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in the alkoxydiglyccridcs. Thus in the globcfish waxes 
the fatty acids (79) contain about SO per cent of saturated 
components (mainly palmitic and stearic acids) with 
ddc add a major component of the unsaturated acids. 
Long chain polyenes have not been reported. The 
fatty acids of Lotella phycis waxes contain only 13-14 
per cent of saturated components (mainly palmitic plus a 
little myristic acid), but over SO per cent of oleic acid (53). 
On the other hand, the fatty adds of Mugti japonicus 
ovary waxes contain large proportions of polyunsaturated 
compounds (iodine value of the total adds 179-5 (4b) (77). 
Bearing in mind what was said above about inadequate 
extraction and separation techniques in some of the 
work on fish phospholipids, and the selective influence 
of such inadequacy on the fatty add composition of the 
fractions finally obtained, the results of analyses of 
phospholipids from fish visceral tissues are given in 
Table XUI. The sample from the New Zealand groper 



families and species involved. Moreover, with few 
exceptions, the lipids of the entire animals will be dis- 
cussed, rather than those of individual tissues. This 
is partly because most of the available data relate to 
entire animals, and partly because that is the way in 
which many of them are utilized, either as human or as 
animal food. Many of the spedes examined are of 
biochemical interest rather than of significance in human 
or domestic animal nutrition, although no doubt all 
play a part, direct or indirect, in the nutrition of those 
spedes of aquatic animal which do have such significance. 
3.1. Nature of the lipids of invertebrates. All the 
types of lipid discussed above for vertebrate fish have 
been found in one or more groups of invertebrate 
studied. On the basis of the very fragmentary data 
available, it would be most unsafe to assume, without 
proper analytical checking, that the lipids of any invert- 
ebrate consist mainly of triglyccrides. It would be equally 



TABLE XIII 




Kids 
C to 
31 
(3-3) 

13 
(4-0) 

12 
(4-3) 


14 

13 
(5-0) 

12 
(5-0) 


Species Tissue Lipid Saturated adds 

Cj4 Cn Cn 

Pnlvnriftn flWYb I ivrr MivrH . . Iff > 


Unsaturated t 

Cj4 ^11 ^11 

n^ft 


oxygeneios phospholipids 

Squahu(%\) ... Egg Lecithin trace 34 9 
suckleyi fraction 


27 
(1-7) 

6 36 
(1-1) (1'6) 


Oncorhynchiis (61) . Egg 3 22 9 
keta 

'Expressed as in Table VI. 



(Polyprion oxygeneios) was undoubtedly a product of 
incomplete and selective extraction. Compared to the 
triglycerides from the same liver, it is notable for its 
much higher content of C, - and C, 2 - polyenes (8-8 
and 4*0 per cent respectively in the triglycerides). The 
dogfish (S. suckleyi) and salmon (O. keta) egg lecithins, 
compared to typical fish depot lipids, are notable for 
their relatively high content of stearic acid, and in the 
dogfish for the lack of hcxadeccnoic acid and the high 
content of palmitic acid. The depot lipids of S. suckleyi 
eggs, a mixture of some two thirds triglycerides and one 
third alkoxydiglycerides, have mixed fatty acids contain- 
ing 13 per cent of hexadecenoic acid and only 10 per 
cent of palmitic acid (but 7 per cent of stearic acid). 
Indeed, their whole composition (82) is different from 
that of the lecithin fatty acids. This relatively high 
content of stearic acid and relative lack of hexadecenoic 
acid was noted above for fish flesh phospholipids also 
(Table VIII). Far more data are necessary, however, on 
the detailed composition of individual phospholipids 
from numerous species and tissues, before a fair overall 
comparison can be made with the depot lipids. 

3. The UpUt of aquatic bit ertehratot 

Aquatic invertebrates will be considered as a composite 
group, despite the enormous range of zoological classes, 



unsafe to assume that the predominant sterol is choles- 
terol. As a matter of interest, far more investigations 
have been conducted on the sterols than on the other 
lipids of aquatic invertebrates, largely because of the 
enormous variety of sterols thus revealed. 

Some of this wealth of literature on the sterols has 
recently been summarized by Toyama (83) who, with 
his colleagues, has been responsible for a great part of 
the investigational work. In his review he lists data on 
the lipids of some 80 species distributed over the classes 
of Protochordata, Echinodcrmata, Arthropoda, Mollusca 
and Coelenterata. The method of extraction used 
(drying, powdering and extraction by ether) would 
inevitably be incomplete. Nevertheless, Toyama's data 
give a useful general picture. 

Toyama's data on lipid content relate to dry weight 
of tissues, and show values for total lipids ranging from 
about 1 per cent to 25 per cent for whole animals, or 
as high as 44 per cent on the separated viscera of the 
mollusc Haliotis gigmtea. (Viscera always showed a 
higher lipid content than the flesh, whenever studied 
separately). Unsaponifiable matter, usually determined 
on the acetone-soluble fraction of the lipids, was some- 
times quite low (e.g. 5-10 per cent), in which cases it 
may be assumed that the rest of the acetone-soluble 
material was predominantly triglycerides. Suchpredom- 
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inantly glyceridic lipids were not characteristic of an 
entire class, or even order, of organisms. Most lipids 
examined had a high content of unsaponifiable matter 
(e.g. 20-40 per cent), of which sterols usually made up 
30-70 per cent. In such cases it would be unjustifiable 
to assume that all fatty adds are derived from trigly- 
cerides. The derivation of Toyama's values for trigly- 
cerides is not clear. 

Alkoxydiglycerides and wax esters seem to be of quite 
widespread occurrence, since the corresponding alcohols 
have often been reported as major components of the 
unsaponifiable fraction: e.g. glyceryl ethers in starfish 
(83), echinoderms (84a), crustaceans (84b) and molluscs 
(Me), and higher n-aliphatic alcohols in sea anemones 
(84d, e) and crustaceans (84f). 

As a point of biochemical interest, it may be noted 
that some unusual components have been found among 
the lipids of aquatic invertebrates. Plasmalogens appar- 
ently incorporating an acetal structure, instead of the 
more usual enol-ether structure, have been reported to 
occur in a sea anemone (Anthopleura elegantissima) 
(85); and non-phosphorylated plasmalogens, correspond- 
ing to alkoxydiglyccrides with a double bond between 
carbons- 1 and -2 of the aliphatic alcohol radical, in 
the digestive glands of a starfish (Asterias forbesi) (86). 
(It may be noted that similar non-phosphorylated 
plasmalogens have recently been reported to occur in 
the lipids of various tissues of the ox; viz. milk fat, beef 
tallow and ox heart (87)). In molt species examined, 
the plasmalogens of aquatic invertebrates have proved 
to be exclusively of the usual type, although indications 
of the existence of minor proportions of other types 
were noted for three species (88). The last-quoted authors 
comment that the tissues of some aquatic invertebrates 
are as rich a source of plasmalogens as is mammalian 
brain. 

Another unusual lipid is the sphingolipid isolated 



from the sponge Lissodendoryx isodyctialis (89), which 
is claimed to contain sphingosine phosphorylated on 
carbon- 1, acylated on carbon-3, and with the usual 
amide-linked fatty add as well. The phosphate is not 
further esterified. It may be noted that this is the first 
reported case in recent years of a sphingosine derivative 
in which the hydroxyl group on carbon-3 is esterified, 
and that earlier reports of the occurrence of such lipids 
were incorrect. It is also the first reported case of a 
sphingosine-based phosphatidic acid. The authors 
suggest the name " acylsphingomyelin phosphatidic 
acid". The fatty acids of this novel phospholipid were a 
singularly complex mixture with chain-lengths ranging 
from 10 to 22 carbon atoms, although the major ones 
were palmitic (38 per cent) and hexadecenoic (17 per 
cent) acids. 

Still another novel lipid is the glycolipid found in an 
oyster, which is claimed to contain only one fatty acid 
(14-methyl-pentadec-4-enoic acid), esterified to choline. 
This choline ester forms a salt linkage with the sulphonic 
group of the amino acid taurine, which in turn is linked 
to lactic acid and a trisaccharide (2 molecules of D-glucose 
and oneof L-focose (90)), 

Aquatic invertebrates clearly represent a challenging 
field for the lipid chemist. It is well to repeat a warning 
given early in this paper. The possibility of post-mortem 
autolysis must be excluded. In addition, extraction 
methods, purification techniques and separation proce- 
dures must be adequate before a reliable picture of the 
lipids of these creatures can be obtained. For this 
reason various reports on the content of individual 
lipid classes, such as lecithins, "cephalins", cerebrosides 
and sphingomyelins, will not be quoted. 

3.2. CompOM&t fatty adds of the lipids of aquatic 
invertebrates. A sufficient number of analyses have now 
been published to justify the conclusion that, in general, 
the component acids of the lipids of aquatic invertebrates 



Species 



Spisula(91) . 
Sachalinensis 

MytUus(92) . 
cdulis 

Octopus (93) 
dofleini 

CalanusWb) 
finmarchicus 



gaeata 

SubeHtes(94). 
compacta 



TABLE XIV 
Component fetty adds of lipids of aquatic invertebrates 1 



Type 



Mollusc 



Crustacean 



Sponge 



Saturated acids 


Q 4 


C lf 


Cn 


1 


12 


4 


2 


17 


2 


2 


11 


10 


8 


11 


1 


3 


13 


2 


trace 


7 


1 



Unsaturated acids 



C u 


C,. 


Q. 


c w 


C M 


- 


15 
(1-2) 


34 
(2-0) 


23 
(3-4) 


10 
(4-3) 


trace 


11 
(1-2) 


21 
(2-0) 


30 
(3-6) 


14 
(4'6) 


1 
(1-0) 


9 
(1-3) 


31 
(1-9) 


23 
(3-9) 


8 


2 
(1-0) 


12 
(1-2) 


17 
(2-5) 


24 
(3-9) 


25 
(4-0) 


3 
>1-0) 


21 
Ol-O) 


45 
(2-5) 


.12 
(4-0) 





trace 
0-0) 


3 
0-0) 


11 
(M) 


8 
(M) 


18 
(3*1) 



1 Expressed as in Table VI. Some of the lipids contain minor amounts of other acids. For further notes on 

O. dofleini and S. compacta stt text. 
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closely resemble those of vertebrate fish. These analyses 
usually relate to the total lipids of the organism, A selec- 
tion of them is given in Table XIV. 

The crustacean Daphnia galeata is the only freshwater 
organism listed. Compared to the other organisms, the 
effect of its environment can be seen in the high level 
of CM* and Q 8 -unsaturated acids and the low level of 
CM and C^-adds (see previous discussion under 
sections 1.3 and 2*3). Octopus dofleini contains some 
lower fatty adds, including Q,-, Q - and C lt - saturated 
adds, and the following unsaturated compounds: 
deca-3-enoic add and dodeca-4-enoic add. Suberites 
compacta, like another sponge studied at the same time, 
is remarkable for its content of very long chain adds, 
viz. : CM (3-6), 12 per cent; C* (?), 22 per cent; CM (2-2), 
17 per cent. It also contains a 2-hydroxy-tetracosanoic 
add. The unsaturation of some of the homologous 
groups is unusually low, e.g. for the Co acids. 

UPID HYDROLYSIS DURING THE 
PROCESSING OF FISH 

The term "processing" will be taken to include any 
treatment applied to the fish between catching and retail 
sale. It will thus include stowage in ice, either aboard 
the fishing vessel or during subsequent distribution 
ashore. 

The diverse lipids discussed above could, if hydrolyzed 
at their various linkages, give rise to numerous decom- 
position products. Broadly these can be placed into two 
groups : (a) water-soluble, and hence non-lipid, fragments 
(b) lipid fragments. Examples of group (a) would be 
glycerol, gfycerophosphate, choline, phosphorylcholine, 
etc. Examples of group (b) would be di-and mono- 
glycerides, phosphatidic adds, lysophosphatides, glyccryl 
ethers, aliphatic alcohols and free fatty adds. Experimental 
work on lipid hydrolysis in fish tissues has been directed 
exclusively to studies of the loss of original lipids and 
of the accumulation of lipid fragments. Although no 
direct estimations have been made of the accumulation 
of water-soluble fragments, certain conclusions can be 
drawn from the nature of the lipid fragments. For 
example, a fall in lecithin and a rise in phosphatidic 
add would involve the liberation of free choline. 

As indicated in the opening section, the effects of 
processing will be considered according to the principles 
involved. Hence the headings used below relate to the 
various factors which affect lipid breakdown. 

It may be said at the outset that nothing seems to be 
known of lipid breakdown during the processing of 
aquatic invertebrates. 

4. The effect of mkro-organisms 

Processing operations may be grouped roughly into those 
in which micro-organisms multiply and those in which 
their growth is prevented. Within each of these groups 
there will be certain differences of degree. Thus, with 
fish stowed in ordinary ice the only check to microbial 
growth is the relatively low temperature. With fish 



stowed in ice containing an antibiotic, in lightly salted 
fish and in smoked fish, there will be a retardation of 
microbial growth, selective in nature, additional to any 
achieved by low temperatures. Microbial activity and 
growth is prevented at sufficiently low temperatures 
(e.g. in cold-stored fish) 01 sufficiently low moisture 
contents (dehydrated fish, fish meal, etc.), but the products 
are not sterile. On the other hand, canned fish is virtually 
sterile. 

Micro-organisms of many types are known to produce 
lipid-splitting enzymes. If a heavy microbial load is 
picked up before a fish product is kept under conditions 
which prevent further bacterial growth, but which do 
not involve destruction of any extra-cellular microbial 
enzymes which might be present (e.g. freezing and low- 
temperature drying), microbial influences could still be 
exerted. 

4.1. Effect of microorganisms on the UpMs of fish flesh. 
While the separate contribution of microbial enzymes 
to lipid hydrolysis has not been investigated in most 
types of processed fish, it has been studied in two major 
groups: (a) "wet" fish stowed in ice, (b) frozen fish. 
In both cases it proved to be negligible. 

The course of lipid hydrolysis in the flesh of eviscerated 
whole cod stowed in crushed ice proved to be identical 
with that in sterile cod flesh stored at 0C (95). This 
identical course persisted for at least 4 weeks, which is 
far beyond the period of edibility and well into the 
period of advanced bacterial putrefaction. In the flesh 
of whole herring, stored in ordinary ice and in antibiotic 
ice respectively, production of free fatty acids followed 
virtually the same course for up to 3 weeks, despite an 
enormous difference in bacterial growth (96). There was 
no measureable hydrolysis of the phospholipids in the 
flesh of lingcod (Ophiodon elongatus) stored in ice for 
3 weeks (97), the limit set to edibility by bacterial 
putrefaction. 

The course of lipid hydrolysis in frozen fish is un- 
affected by preliminary storage of the fish in ice for up 
to eight days (95b), (98); i.e. it seems to be unaffected by 
any extracellular bacterial enzymes accumulated during 
this period. 

Rapid fat hydrolysis is well known to occur in the 
flesh of whole fish, such as herring, menhaden and 
sardine, kept without refrigeration for reduction to 
meal and oil. It is, however, impossible from published 
data to dedde how far, if at all, this is due to microbial 
spoilage. In addition to any enzymes present in the 
flesh itself, very active enzymes occur in some of the 
visceral tissues, and the combined effects of autolysis 
and bacterial attack may soon make the activity of 
visceral enzymes evident on the flesh lipids. Certainly 
fat hydrolysis is quite rapid in whole herring treated 
with sodium nitrite or formaldehyde at levels which 
markedly reduce bacterial spoilage (99). Such preserva- 
tives will, presumably, react also with the tissue enzymes, 
and quantitative evaluation of their effects on lipid 
hydrolysis is impossible. 
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4.2. Effect of micro-organisms on the ttpkb of fish 
viscera. As with fish sent for reduction to meal and oil, 
so with fish livers sent for oil manufacture. Storage of 
the livers without refrigeration or other preservative 
measure leads to putrefaction accompanied by extensive 
hydrolysis of the oil. But the livers of many species of 
fish contain a lipolytic enzyme (see below), and it is 
impossible from published data (e.g. those of Drummond 
and Hilditch (100, p. 80) to disentangle the separate 
effects of this enzyme and of microbial enzymes. Preserva- 
tives sometimes used or advocated for use with fish 
livers (101) are known also to inhibit or destroy tissue 
lipase. This effect is actually exploited in one patented 
process (lOlb) in which the action of fish liver lipase 
is inhibited, together with bacterial growth, while the 
liver proteinases remain active. Even such mild bacterio- 
static agents as the vapour of chloroform or toluene, 
widely used in enzyme studies, have been found to 
produce gradual inhibition of the lipolytic enzymes in 
fish tissues (95b). 

5. The effect of heat 

In considering the effect of heat, it is not intended in 
this section to consider the effect of storage temperature. 
This aspect is discussed in a later section. What is 
considered here is the effect of a specific heat treatment, 
such as cooking, on the lipids offish. Changes produced 
by heat must always be related both to temperature 
and to time. 

It has been shown that heating to 100C for periods 
of up to 90 minutes does not produce any detectable 
simple chemical hydrolysis of the lipids in fish tissues. 
This is true even for the readily-hydrolysable phospho- 
glyceridcs of fish flesh (9Sb), and it is well known that 
steam-rendering of fresh livers gives a virtually neutral 
oil. This is true even when the process is prolonged for 
60 minutes (100, p. 87). 

Heat treatment which will denature proteins will 
ultimately denature enzymes also. But since different 
proteins have different stabilities towards heat, it is 
clearly unsafe to assume that in fish adequately cooked 
by organoleptic standards all enzymatic activity is 
suppressed. In fact, it has been found that cooking of 
cod fillets for 30 minutes in a casserole surrounded by 
steam at 100C did not result in any appreciable loss of 
phospholipase activity (95b). Phospholipase A is known 
to be remarkably heat stable; but the cod phospholipases 
in question seemed to involve both A and B, since both 
fatty acids were removed from the phospholipid mole- 
cules. These cod fillets were completely cooked in the 
culinary sense. Prolonging the heat treatment for 90 
minutes resulted in complete destruction of all phospholi- 
pase activity. These results have obvious significance 
for such products as frozen pre-cooked fish. 

The lipase of cod liver seems to be destroyed in the 
normal steaming process, which typically involves only 
a few minutes at the boiling point followed by perhaps 
15 minutes settling while nearly at 100C. There is some 



evidence (100, p. 82) that undercooked portions of the 
liver still contain an active lipase; but the possibility 
of incomplete microbial destruction in these portions 
cannot be excluded. 

6. The effect of freezing 

We now turn to consider the effects of the freezing 
process as such, independently of any effects of low 
temperatures during subsequent storage. Freezing 
involves damage to cell structures, concentration of 
solutes in the residual liquid water, and possible re-orien- 
tation of enzymes and their substrates. 

It has been found that breakdown of phospholipids 
in the flesh of cod stored in the frozen state is far more 
rapid than would be expected at the temperatures in 
question, compared with the rates found at higher 
temperatures. This aspect is discussed in the next section. 
In other words, a break occurs in the relation between 
temperature and reaction rate. The precise temperature 
at which it occurs is still being sought in studies by 
Olley and Watson (102a); but an indication of the 
region in question is seen in Table XV. It will be seen 
that hydrolysis is considerably slower at 2-4C than 
at iO*C, and that it reaches its maximum rate at 
some temperature intermediate between these values. 
Since it may be a significant factor, the percentages of 
the total tissue water which are frozen at the various 
temperatures are also shown in Table XV. 

At temperatures a little above 2-4C a lag period 
is observed before rapid hydrolysis commences. This 
has been reported in studies with cod at 0C (whether 
sterile or not) (95) and with herring stored in ice (96). 
The latter finding has been confirmed in current work by 
Olley and Watson (102a), who have also observed a 
lag of at least 5 days (the limit of that particular experi- 
ment) in cod stored at 1 4C. At this temperature 
some 35 per cent of the water in the tissue is frozen 
(103). The lag period at 0C has been found to extend 
for about 10 days. 

The existence of this initial lag at 0C and 1-4C 
makes it difficult to compare reaction rates at these 
temperatures with those at lower temperatures, where 
no initial lag is observed. No lag was observed in 
samples stored at + 20C (95b), but it is uncertain 
what final level of hydrolysis would be achieved at 
this temperature. The initial level of free fatty acids 
was appreciably higher in the frozen than in the unfrozen 
fish (see below), so that an accumulation of 20 per cent 
free fatty acids in the unfrozen material would represent 
an amount of hydrolysis equivalent to an accumulation 
of 25 per cent free fatty acids in the frozen samples. At 
+ 20C this level of hydrolysis is reached in about 
4 days. Compared with 10 days at 7C this obviously 
suggests a marked acceleration due to the freezing 
process. 

The abolition of an initial lag in fish stored at tempera- 
tures below about 2C suggests that freezing may, 
perhaps, be activating the system by liberating the 
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TABLE XV 
IteteefhyfeotysferfptMMpfc^^ 



Storage temperature 
-2-4C 



- ioc 

- 14C 
-22C 

- 29C 



0-151 
0*531 
0*342 
0*506 
0*346 

0*0986 
0*0129 
0*00243 



weeks- 1 




Percentage a/ (103) 
dT water frozen 



60 

73 

81 
84 

87 
89 
90 



1 The phospholipid concentration during frozen storage falls along an exponential curve, with a corre- 
sponding inverted curve for the accumulation of free fatty acids (FFA). The reaction always virtually ceases 
at about the same stage, namely when the lipids contain some 20-25 per cent of the original phospholipids and 
about 50 per cent of FFA. The reaction rate constants (k) and "half hie** times were obtained from statistically- 
drawn curves for accumulation of FFA assuming a final level of 50 per cent. At 7C and below all samples 
were air-blast frozen at 29C and then stored at the temperatures stated. At 2-4C the samples were 
frozen by immersion of polyethylene-wrapped thin slices in alcohol-water at 2*4C. At - 4C some 
samples were frozen by each method. The upper values for k and for half life at 4C are for immersion- 
frozen material, the lower values for air-blast frozen material. 



enzymes from some sub-cellular structure damaged by 
the freezing process. The sort of structure envisaged 
would be something like the lysosomes of De Duve (104). 
This hypothesis has been tested by Olley and Watson 
(102a) by freezing cod, thawing it overnight in air at 
4C and then storing it in ice. Despite a certain amount 
of scatter in the results, probably attributable to bio- 
logical variation, certain findings are quite definite. 
Rapid freezing of cod fillets in an air-blast freezer 
running at 29C, as used in the earlier published 
experiments (95b), did not abolish the lag, nor alter 
its duration. Moreover, the initial level of free fatty 
acids was not significantly altered. In the earlier work 
referred to (95b), whole fish were frozen in this freezer, 
at a considerably slower overall rate. Fillets frozen still 
more rapidly, in solid carbon dioxide, or fillets frozen 
very slowly by wrapping loosely in polyethylene and 
placing in still air at 14C, showed entirely different 
behaviour: the initial level of free fatty acids after 
thawing had risen from about 2 per cent to about 7 per 
cent, the lag period was completely abolished, but the 
whole course of hydrolysis was different. Instead of the 
typical exponential form, it followed virtually a straight 
line, with a, slope considerably less than that of the steep 
part of the hydrolysis curve in ordinary iced fish. Love 
(105) has shown that structural damage by freezing may 
be least at intermediate rates of freezing. 

Further evidence of the complexity of the influence 
of freezing on the hydrolysis of lipids in fish flesh is 



afforded by experiments (102a) in which fish were 
stored at 7C for one week, and then some of them 
thawed and kept in ice, the rest being left at 7C. 
There was, of course, no initial lag at 7C; and after 
one week over 20 per cent of free fatty acids had accumu- 
lated. In the fish then thawed and put in ice, further 
hydrolysis followed a straight line course, at a rate well 
below that of the fish left at 7C, in which the course 
was, as usual, exponential in form. 

Another example of the influence of the freezing pro- 
cess, as distinct from the storage temperature, is afforded 
by the data in Table XV on fish stored at 4C. In 
fish frozen to 29C in an air blast freezer and then 
brought back to 4C, subsequent hydrolysis was slower 
than in fish cooled only to 4C by immersion. Here 
two possible factors are involved: (a) freezing rate, (b) 
proportion of the total water which was frozen, at one 
stage or another. 

It may be noted that in all these experiments there was 
no evidence that thawing, as opposed to freezing, had 
any promoting action on lipid hydrolysis. It should also 
be pointed out that freezing made no difference to 
the type of hydrolysis produced (e.g. to the ratio of 
fatty acids liberated to lipid phosphorus lost, or to the 
relative proportions of various phospholipids hydro* 
lysed), nor to the final equilibrium levels of products. 

No comparable information is available on the effect 
of freezing on lipid hydrolysis in fish viscera: but it has 
been shown (106) that with lamb liver there is an initial 
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lag in unfrozen material, no lag in frozen material, 
and that a preliminary freezing and thawing can abolish 
the lag in material kept in the unfrozen state. 

7. The effect of storage temperature 

Some reference has already been made to the effect 
of storage temperature on the rate of hydrolysis of lipids 
in cod flesh. No comparable investigations have been 
made with other species: but Dyer and Fraser (98) have 
reported studies with cod stored at 0C, - 12C, - 18C 
and - 23C; with halibut at - 12C, - 18C and 
- 23C; and with rosefish stored at - 12C and - 23 Q C. 
While their results agree in general with those obtained 
by the Aberdeen workers (95b) (102a), particularly 
in respect of the magnitude of the retardation by lower 
temperatures during frozen storage, they differ in the 
size of certain values, e.g. initial level of free fatty 
content. They also did not show an initial lag, nor a 
subsequent rapid hydrolysis, in cod stored in ice. Lovern 
et al (9Sb) have pointed out that these differences were 
probably due to the admittedly incomplete and selective 
extraction techniques used in much of Dyer and Eraser's 
work, and to the method of determining free fatty acids. 
This section of the present paper will be based on the 
work with cod at Aberdeen. 

In Table XV are given the rate constants (k) for 
production of free fatty acids (calculated for a first-order 
reaction, which best fits the experimental curves) and 
the "half life times' 9 of the phospfaolipids in frozen cod 
flesh stored at various temperatures from - 2-4C to 

29C. Also given in Table XV are the percentages 
of the total tissue water frozen at the respective storage 
temperatures, the temperature coefficients (Q) over 
various temperature ranges, and the temperature 
increments (dT) required to double the reaction rate, 
over the same ranges. In view of the magnitude of Q, 
and its marked variation with temperature, it has 
seemed preferable to express the results for increments 
of 5C (Q 6 ) rather than as the more usual Q 10 values. 
In calculating Q 6 and dT for the interval 4C to 

7C, the value of k determined on the air-blast frozen 
material subsequently stored at 4C was used. On 
the other hand, in calculating Q 6 and dT for the interval 

24C to 4C, the value of k on the immersion-frozen 
material at 4C was used. Thus the effects of different 
freezing procedures have been eliminated as far as 
possible. The reason for adopting an immersion tech- 
nique at 24C was to eliminate the very long delay 
in equilibrating a tissue frozen to 29C with still air 
at 2*4C in a cold store. Equilibration is quite rapid 
when it involves little change in the proportion of water 
frozen, e.g. up to 7C. 

It will be noted that at temperatures a little below the 
freezing point the temperature coefficient is not only 
enormous but at the same time negative. Indeed, it is 
probably changing so rapidly with temperature that the 
value calculated for a five degree interval is quite unreal- 
istic. Nevertheless, it does correctly convey the idea of a 



very high negative coefficient. At some point between 
4 Q C and 10C the temperature coefficient changes 
from negative to positive. From 10C downwards 
it slowly decreases with temperature, but remains high 
at least down to 29C. Thus a Q 10 value for this 
reaction at normal cold storage temperatures would be 
about 10, instead of the typical value of about 2 for 
many reactions in non-frozen systems. Similarly high 
temperature coefficients have been found for other 
reactions in frozen tissues (107). The advantages of 
using really low storage temperatures are emphasized 
by the fact that even below 22C the reaction rate is 
halved for every three degrees drop in temperature. 

It has long been realized that changes of many kinds 
take place very rapidly in fish at temperatures a little 
below the freezing point. Fish will keep better unfrozen 
in ice than when partly frozen. But the data in Table 
XV demonstrate that lipid hydrolysis in cod is most 
rapid at temperatures of 4C to 7C. Furthermore, 
the initial lag observed at 0C is not abolished at tempera- 
tures just below the freezing point, e.g. 1*4C. It 
seems desirable that other tissue reactions should be 
studied in this temperature range, especially as there 
seems to be a parallel between the effect of temperature 
on rate of lipid hydrolysis and on rate of protein dena- 
turation in frozen cod flesh (see section 12). 

As indicated above (section 6), it is difficult to assess, 
from available data, the effect of storage temperature 
on lipid hydrolysis rates in unfrozen cod flesh. It is 
perhaps unrealistic to measure reaction rates at 0C 
on the curves subsequent to the lag period, since it has 
been found (102a, b) that the tissue pH rises rather 
abruptly from values just below 7*0 to values slightly 
above 7O at the end of the lag period. The effect of 
pH on lipid hydrolysis rates in fish flesh has not yet 
been studied. Ignoring this factor, comparison of rates 
at 0C and 20C suggests that hydrolysis during the 
rapid stages proceeds about 3*3 times faster at 20C 
than at 0C (95b). This corresponds to a Q 10 of 
about 1*8. 

Fish viscera (e.g. livers) are often stored at low temp- 
eratures. In section 10 reference is made to the rate of 
lipid hydrolysis in frozen fish livers. However, it is diffi- 
cult to compare these rates with those in unfrozen livers, 
because of uncertainty about bacterial effects in the 
unfrozen material (see section 4.2). It should also be 
noted that the extraction techniques used in preparing 
fish liver oils are seldom exhaustive, and may well be 
selective for such components as free fatty acids. Varia- 
bility in the fresh material may be so great that it prevents 
really quantitative comparison from one series of 
experiments to another. However, in one carefully- 
controlled series with cod livers, ranging from samples 
steamed within an hour or so of removal from fish only 
a few hours dead to similar livers stored for periods of 
5, 24, 48, 72 and 96 hours, Drummond and Hilditch 
(100, p. 81) found free fatty acid contents in the rendered 
oil of 0-07, 0-10, 0-18, 0-30, 1*05 and 1-50 per cent 
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respectively. Storage was at ambient winter temperatures 
in the north of Scotland : say to 5C. These values may 
be compared with those found by Lovern (108a) for 
cod livfers stored at 12C, which showed great varia- 
bility from sample to sample, and from which the oils 
were recovered by solvent extraction rather than 
steaming. It required somewhere between 4 and 12 
days at 12C to produce about 1-5 per cent of FFA 
in the oil, compared to 4 days at 0-5C. After 4 days 
storage of cod livers at 12C, the extracted oil con- 
tained about 0*10-0*13 per cent FFA, a level reached 
in less than 24 hours at 0~5C. 

8. The effect of dehydration 

Although freezing may be regarded as a form of dehydra- 
tion, considerable proportions of liquid water remain 
even at temperatures of 29C (see Table XV), Fish 
meal normally contains about the same moisture content 
(10 per cent) as cod flesh frozen to 29C. It is well 
known that for dehydrated foods of many kinds far 
greater storage stability is achieved when the moisture 
content is reduced to very low levels. This is true of 
lipid hydrolysis. Thus Lea (109) reported the progressive 
and drastic retardation of hydrolysis in the fat of dehy- 
drated, raw, minced beef, as the moisture content was 
reduced from 7*5 per cent to 1*5 per cent. 

The dehydration to be considered here is not that 
involved in freezing, where it would in any case be 
difficult to disentangle its effects from those of the 
freezing process and of low temperatures. It is the 
dehydration achieved by low temperature drying of 
raw fish tissues, the products of which are usually 
subsequently stored without refrigeration. High tempera- 
ture drying, or cooking of the product before drying, 
as in the manufacture of fish meal, may result in partial 
or complete inactivation of lipolytic enzymes (see section 

5). 

Very few data seem to be available on lipid hydrolysis 
in dehydrated raw fish. Unpublished results obtained 
at the Torry Research Station, Aberdeen, on dehydrated 



cod fillets prepared at the Experimental Factory of the 
Ministry of Agriculture, Fisheries and Food, Aberdeen, 
are given in Table XVI. These products were stored in 
sealed cans under nitrogen. 

It can be seen that in sample 1, stored at SC, 
there was very limited hydrolysis in two years. Free 
fatty acids may amount to 7-8 per cent in some samples 
of freshly-frozen cod (see section 6), and no data are 
available in this respect on freshly-prepared, freeze- 
dried cod. The phosphorus content of the lipids is a 
little below the value for fresh cod (about 3-0 per cent). 
The acidic phospholipids show a small but significant 
increase from the level of about 8 per cent (expressed 
as in Table XVI) for fresh cod (95b). 

At 18C there was again extremely limited, if any, 
production of free fatty acids in three years. There was, 
however, a somewhat greater loss of phosphorus than in 
the previous case, and a considerable increase in acidic 
phospholipids. 

At 37C there was appreciable production of free 
fatty acids, reaching 12-16 per cent in two years and 
20-24 per cent in four years. Phosphorus fell to 2*0-24 
per cent in two years and to 1 -9 per cent in four years. 
Acidic phopholipids rose to 22-28 per cent in two years, 
but did not increase any further in the following two 
years. 

In iced cod and in frozen cod, the only hydrolytic 
changes observed have involved more-or-less simul- 
taneous liberation of both fatty acids from such lipids 
as phosphatidyl choline and phosphatidyl cthanolamine 
(see section 1 1). There has been no evidence of loss of 
lipid bases to give acidic phospholipids, nor of loss of 
phosphorylated bases to give diglycerides. In other 
words no evidence of the activity of phospholipases 
CandD. 

The actual content of acidic phospholipids in stored 
dehydrated cod cannot be calculated, but it may well 
reach SO per cent of the total phospholipids. It is, 
however, uncertain whether this hydrolysis is the result 
of phospholipasc C activity. Although no detectable 



TABLE XVI . 
Lipid hydrolysis In dehydrated raw cod fillets 



Sample 1 


Moisture Storage 
content (%) conditions 


Lipid 
content (%) 


FFA 

(%in lipids) 


Phosphorus 
(% in lipids) 


Acidic* 
phospholipids 


1 


3-3 


-5C 2 years 


3-6 


8-3 


2-7 


125 


2 


3-7 


18C 3 years 


4.4 


7-2 


2-5 


21-7 


3 


2-9 


37C 2 years 


3-1 


16-3 


2*0 


22-9 


4 


3-5 


fff M 


3-7 


12-7 


2-4 


21*6 


5 


3-5 


ft 


3*8 


11-7 


2-3 


25-6 


6 


3-5 


? 


4-3 


12-6 


2-2 


27-8 


7 


3-3 


4 years 


3-9 


20*3 


1*9 


24-2 


8 


3-3 


M * 


3-2 


23*9 


1-9 


23-6 



et 1-7 were prepared by "accelerated freeze drying", sample 8 by "vacuum contact drying'* (1 10). 
1 Acidic phospholipids represent lipids (other than five fatty acids) titratabte to phendphthalcin. Their n 
equivalent weight is unknown and the values '^recorded above are calculated as if they were free fatty adds of 
mean equivalent 300 <95b). 
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non-cnzymic hydrolysis of phospholipids occurs in 
cooked cod flesh at 0C or at 14C over a period of 7 
weeks (95b), the position may be different in dehydrated 
cod, at higher temperatures and for very long periods. 
Only comparison with control samples made from 
dehydrated cooked cod could settle the matter. 

The same difficulty arises with the lipid phosphorus 
contents. The values fall below those to be expected 
from the accompanying increases in free fatty acids. 
In wet fish stored in ice, or in frozen fish, a phosphorus 
content of 2-5 per cent in the total lipids would be asso- 
ciated with about 20 per cent of free fatty acids, and a 
phosphorus content of 2 per cent with nearly 30 per 
cent of free fatty acids (95b). As can be seen from Table 
XVI, such phosphorus contents in the lipids of dehydra- 
ted cod are accompanied by smaller levels of free fatty 
acids. This may indicate activity by phospholipase D; 
but in the absence of data on dehydrated cooked fish 
any definite conclusion is unjustified. 

TABLE XVII 

Phosphorus and nitrogen contents of the total phospholipids 
of dehydrated cod flesh 1 



Sample 

4 
5 
6 
7 
8 


Phosphorus 

2-78 
2-65 
2-45 
2-15 
2-15 


Nitrogen 

2-77 
3-17 
3-45 
3-34 
4*04 


NIP 

2-2 
2-7 
3-1 
3-4 
4*1 



1 Sample numbers as in Table XVI. Phosphorus and nitrogen as 
g./lOO g. phospholipids. N/P is atomic ratio. 



Chromatographic separation of the total phospho- 
lipids from the non-phospholipids reveals that the former 
suffer degradation of unknown nature during storage 
of dehydrated cod. Some data are given in Table XVII, 
which show that the phosphorus content falls even 
within this fraction (which could not result from hydro- 
lysis alone), and that the nitrogen content increases. 
This nitrogen resists removal by the washing procedure 



of Folch et al. (8) and by chromatography on silicic 
acid. Since the acidity of the phospholipids increases, 
the extra nitrogen cannot be present as basic compounds. 
It may be present as amino acids or peptides, but no 
further information is available. 

It may be noted that production of acidic phospho- 
lipids seems to cease after 2 years at 37C, but that 
phosphorus content continues to fall. 

Phospholipase A (or A-plus-B), liberating free fatty 
acids, shows little activity at 5C or 18C; but free 
fatty acids are produced at 37C, with practically no 
diminution in rate over a second 2-year period compared 
to the first 2 years. Again, tests on dehydrated cooked 
fish are desirable: but, in contrast to phospholipases C 
and D, phospholipase A (or A-plus-B) is known to occur 
in cod flesh. 

The samples listed in Table XVI are of nearly uniform 
moisture content, and thus do not provide information 
on the influence of this factor. 

9* The effect of salt 

Very few data are available on the effect of salt on the 
course of lipid hydrolysis in fish tissues. Salt has some- 
times been used as a preservative for fish livers. In 
tests with one species (the saithe, Gadus virens) it was 
shown (100, p. 82) that neither admixture with dry 
salt (and production of a saturated pickle), nor sub- 
mersion in 10 per cent brine, gave any evidence of 
inhibition of lipase activity. Since these particular 
livers were absolutely fresh, bacterial effects might be 
regarded as negligible. After 60 hours in 10 per cent 
brine, and 6 days in saturated pickle (both at ambient 
Scottish summer temperatures), the livers were steamed 
to give oils with 4-1 per cent and 5-7 per cent free fatty 
acids respectively. 

Canadian workers (Ilia, b) have studied the hydrolysis 
of lipids in cod flesh during both light salt curing (Gasp 
cure) and heavy salt curing. In the former process 
(Ilia) lipid hydrolysis was progressive throughout, 
whereas with heavy salting it occurred mainly in the 



TABLE XVIII 

Production of free fctty adds in the lipklf of cod flesh daring the preparation of nit cod 

Heavy salting 

Sample 



Light salting (Gaspe cure) 

FFA 
(%ln lipids) 



Sample 

Fmhfish . . . 13*1 

After salting period (48 hrs.) . 21*0 

After first drying period 

(36 hrs.) .... 34-7 

End of drying process 1 . 50*4 



FFA 

(% In lipids) 



Half way in salting period 
(10 days) 



End of 
days) 



salting period (18 



After first period of drying 
(36 hrs.). 

End of drying 1 process 



45-5 
41-0 

49-2 
52-2 



1 Not specified by authors and depends on moistn 



desired and drying conditions. 
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early stages. However, since the early stages of the heavy 
salting process are far longer than those of the light 
salting process, this difference may be more apparent 
than real. In both cases hydrolysis ceased when the 
lipids contained about SO per cent of free fatty acids, 
i.e. at about the same level as in iced or frozen fish. The 
Canadian authors attributed the cessation of hydrolysis 
to enzyme inhibition by salt. In the present author's 
opinion, the similar course of hydrolysis under three 
widely-different sets of conditions (wet fish, frozen fish 
and salt fish) points to some common factor in progres- 
sive suppression of enzyme activity, such as inhibition 
by the reaction products. Some of the Canadian data 
are summarized in Table XVIII. 

By comparison of the component fatty acids of the 
phospholipids of Gasp-cured cod and of fresh cod 
(lllb), it was calculated that the following proportions 
of various acids were liberated during the process: 
palmitic, 85 per cent; stearic 56 per cent; hexadecenoic, 
96 per cent; C 18 -unsaturated, 77 per cent; C S8 -un- 
saturated, 81 per cent. Although the authors draw 
attention to the differences in some of these values, 
suggesting selective liberation, the possibility should 
not be overlooked of variation in the raw material, 
combined with analytical error. 

Kleimenov et al. (lllc) have followed the production 
of free fatty acids in the fat of Caspian herring during 
salt-curing and subsequent storage of the product in 
brine. After 9 days salting, when the salt content of the 
flesh was 1 3 8 per cent, the fish were regarded as "medium- 
salted". Alter 14 days salting, with 16-8 per cent salt 
in the flesh, they were "highly salted". Samples of each 
type of product were then stored in brine of four 
different strengths (a) the natural brine as produced, 
(b) brine isotonic with the fish tissues, (c) hypotonic 
brine, (d) hypertonic brine. For the medium-salted fish, 
brine strengths ranged from 17*0-20*5 per cent and for 
the highly salted fish from 21*7-24*7 per cent. The results 



TABLE XIX 
Production of fte fatty adds to Caspian herring 



Fresh fifth . 
5 days in salt 

ft M ft 
*** t 99 



Sample 



Curing 

5-7 

8-2 

15*1 

16-2 

Storage 



As received 
After 30 days 
., 90 
M 140 



14*9 
21*3 
30*4 
36-7 



ft 

15-4 
39*9 
39*5 



1 Data of Kleimenov e/ a/, (lllc) Values ait the "acid numbers" 
of the extracted fat (rag. KOH required to neutralise the FFA 
inl g. of fat). The free fatty add content expressed as a percentage 
of the fat wffl be about half these values. Product (0) is^medium 
salted" after 9 days curing, product (b) "heavily salted" after 14 
days curing. 



of the four scries, which were very similar, have been 
averaged in Table XIX. Storage was at 5-10C The 
method of lipid extraction, and total lipid content of the 
fish, are not given. It is thus impossible to say whether 
the free fatty acids produced could have been derived 
exclusively from phospholipids (as in iced herring; see 
section 10). Moreover, varying fat content could produce 
considerable variation from sample to sample in results 
expressed, as these are, on a total lipid basis. It will 
be noted that lipolysis tends to slow down and cease at 
about the same level in both series. The authors conclude 
that "different salt concentrations in the solution sur- 
rounding the fish, and in the fish meat, do not have any 
effect on the character of changes in the acid number 
of the fish fat." 

Salt does not appear to inhibit lipolysis of the fat in 
fish roe during the making of caviar (1 1 Id). 

10. The effect of biological differences 

Although various species of fish have been mentioned 
in earlier sub-sections devoted to post-mortem lipid 
hydrolysis, no attempt was made to discuss the influence 
of species and other biological factors as such. 

Different species of fish may exhibit quite different 
rates of lipid hydrolysis under any particular set of 
conditions. The actual lipids involved may also differ. 
Thus, in the flesh of the cod the content of triglycerides 
is so small, both absolutely and relative to phospholipids, 
that only hydrolysis of phospholipids is likely to be 
important. But in such a fish as the herring it might 
be expected that triglyceride breakdown would be more 
important than that of phospholipids. The danger of 
such facile assumption is emphasized below. Two 
aspects of lipid hydrolysis may be considered: (a) the 
type of lipids involved, and (b) the rate of the reaction 
under defined conditions. 

Ollcy et al. (102b) have studied the course of lipid 
hydrolysis in the flesh of IS species of fish, each stored 
at two temperatures, 7 and 14C respectively. 
It was found previously with cod (95b) that production 
of free fatty acids, plotted against lipid phosphorus, 
shows a straight line relationship. The slope of this 
line is the same as that for theoretical breakdown of 
lecithin or similar phospholipid to 2 molecules of free 
fatty acid (per molecule of phospholipid) and water- 
soluble phosphorus derivatives. 

Production of fatty acids, relative to lipid phosphorus 
lost, faster than the above relationship permits, would 
imply either simultaneous hydrolysis of some non- 
phospholipid or the partial splitting of phospholipids 
to give lysophosphatides (or of both types of hydrolysis 
occurring side by side). Low rates of fatty acid produc- 
tion, relative to lipid phosphorus lost, would imply some 
hydrolysis by phospholipase D to give a diglyceride 
plus a water-soluble phosphorus derivative. 

Some of Olley et o/.'s data (102b) are summarized 
in Table XX, The total lipid contents give an indication 
of the amounts of non-phosphorus-containing lipids 
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TABLE XX 



Species 
Cod 
Salthe 
Ling 
Hake 
Halibut 
Lemon Sole 
Dab 
Witch 
Megrim 
Angler Fish 
John Dory 
Gurnard . 
Herring 
Skate 

Nurschound 
Dogfish 



105 

10 

9 

4 

22 

22 

7 

6 

4 

7 

7 

6 

18 

12 

7 

23 



Total 

lipids 

0-67 

0-83 

0-64 

2*26 

0-76 

0-85 

2-15 

0-84 

2-03 

0-61 

1-27 

3-42 

4.4 

0-77 
0-67 
9-6 



FFA from 
phospholipids 

98-9 (6-9) 

86-5 (16-0) 

102-5 (22-3) 

91-9 (36-6) 

77-5 (10-0) 

76-4 (H-2) 

47-0 (15-2) 

88-4 (29-1) 

122-5 (39-4) 

61-8 (35-3) 

56-7 (51-8) 

45-6 (19-1) 

118-7 (9-7) 

- 20-8 (48-1) 

- 25-6 (82-4) 

3-3 (9-6) 



1 Data of Ollcy et al. (102b). Species as in Table IV. Total lipids 
are mean values as g./100 g. fresh tissue. FFA (free fatty acids) 
from phospholipids as a percentage of the total FFA production 
(standard error in parentheses). Herring stored at 0C, other 
species frozen at - 7 and 14C. 



which may be present. Values in excess of about 1 per 
cent probably signify the presence of some depot fat 
(see section 1.2). Values of about 0*6-0*8 per cent 
indicate that the lipids are mainly composed of phos- 
pholipids. The percentages of the free fatty acids which 
are derived from phospholipid hydrolysis are calculated 
from the slopes of the relevant FFA/lipid-P regression 
lines, compared with the theoretical line for simultaneous 
loss of both fatty acids from lecithin. Results of storage 
at both -* 7C and 14C were pooled in drawing 
such regression lines, since rate of hydrolysis is not 
significant in this aspect of the phenomena. 

In some cases the number of samples available was 
too few, and the scatter of the results too wide, for small 
deviations from 100 in column 4 to be significant. In 
general it can be said that in all those Teleostean species 
examined (i.e. all except the last three in Table XX) in 
which phospholipids account for virtually the total lipids, 
there is no evidence of accumulation of lysophosphatidcs 
(values significantly below 100 in column 4). The low 
value for the angler fish is associated with a wide scatter 
and its significance is doubtful. 

When depot fat is present, it may or may not be 
appreciably hydrolysed simultaneously with the phospho- 
lipids. There is good evidence for it in the dab and the 
gurnard; less satisfactory evidence (bad scatter) for the 
John Dory; and no evidence of triglyceride hydrolysis 
in the hake, megrim and herring. Admittedly these 
herring were "spent" fish near the end of a long period 
of mobilization of depot fat, and were stored unfrozen 
at 0. Admittedly only four samples of cold-stored 
megrims and four of hake were available. In two 
cases, however, the values actually determined exceeded 
100 per cent. Activity of a phospholipasc D, which 
could produce this effect on the slope of the regression 



line, has never been detected by reliable means (e.g. 
chromatographic evidence of the production of digly- 
ccrides) in fish flesh. It seems preferable to conclude, 
provisionally at least, that the slight excess over 100 
per cent in these cases is due to experimental inadequacy. 

The most startling data in Table XX are those for the 
three Elasmobranch species, the last three in the list. 
In two of them the lipids consist almost entirely of 
phospholipids. Virtually no breakdown of these occurs 
during storage. The result is a wide scatter and no true 
plot of a regression line. The correct answer in column 
4 is probably zero. In the third Elasmobranch, where 
there is plenty of depot fat (a mixture of triglycerides and 
alkoxydiglyceridcs), free fatty acid is produced from this, 
but again virtually none from the phospholipids of the 
flesh. 

Thus, all Teleosts yet examined contained a phospho- 
lipase A (or A-plus-B) in the flesh, whereas of the three 
Elasmobranchs examined none showed any evidence 
of its existence. Some species, including representatives 
of both Teleosts and Elasmobranchs, contained a flesh 
lipase, others showed no evidence of its presence. Some 
further examples of species variation in enzyme content 
are given below for liver tissue. 

Olley et al. (102b) further found that the rate of 
hydrolysis (as measured by the content of free fatty 
acids in the tissue) was comparable for most of the 
species listed in Table XX. This was true at both 7 
and 14C. The exceptions were (1) a high (approxi- 
mately double) rate of production of FFA in the dogfish 
(perhaps explicable by the high lipid content, with FFA 
values expressed on a tissue basis), and (2) appreciably 
slower hydrolysis rates in the angler fish and the John 
Dory, and extremely low rates in the skate and nurse- 
hound. The last finding can be attributed to the virtual 
absence of triglycerides and of an enzyme to hydrolyze 
the phospholipids. 

Some rather fragmentary data (108a) on fish livers 
stored at about 12C indicate that there are appreciable 
differences in the lipase activity of different species. In 
these experiments, with very oil-rich tissues and results 
expressed on a total lipid basis, the influence of phospho- 
lipid hydrolysis can be ignored. In a skate (Raia batis), 
there was no evidence of any liver lipase activity over 
a period of 42 days. Hydrolysis was appreciable and 
comparable in the livers of cod and ling. It appeared 
to be considerably more rapid in the liver of the angler 
fish, and only part of the difference can be attributed 
to die somewhat lower oil content of angler fish livers. 
In vitro tests with liver extracts (108b) confirmed the 
higher lipase content of angler fish liver. 

In the one species studied (cod), evidence was found 
for more active lipolysis in the livers of young (immature) 
fish than of older fish (108b). . 



11. The course of ] 



pfaoUpM hydrolysis 

In previous sections, while the activity of lipase has been 
distinguished from that of phospholipase, no attention 
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has been given to the relative rates of hydrolysis of the 
various types of phospholipid present in fish flesh 
(see section 1.2). Bligh (15) has demonstrated that, 
in frozen cod muscle, phosphatidyl choline and phos- 
phatidyl ethanolamine are hydrolyzed at comparable 
rates, whereas phosphatidyl serine and phosphatidyl 
inositol were apparently not hydrolyzed at all in up to 
37 weeks at about 12C It has likewise been shown 
by Lovern et al (14) that, in iced cod, phosphatidyl 
choline and phosphatidyl ethanolamine are hydrolyzed 
at the same rate. Unfortunately, the data on iced cod 
are inadequate (mixed fractions and incomplete analyses 
of some of them) for calculation of the rates of hydrolysis 
of phosphatidyl serine and phosphatidyl inositol. 

As indicated earlier (section 10) it has been found with 
cod, both frozen and unfrozen, that two molecules of 
fatty acid are liberated per atom of lipid phosphorus 
lost (9Sb). If hydrolysis proceeds by stages (e.g. lecithin 
->lysolecithin->glycerophosphoryl choline), the second 
stage must proceed as rapidly as the first, and be effective 
at very low levels of substrate, since lysophosphatides 
do not accumulate. The position in other species is 
under investigation, but the data discussed in section 10 
suggest that such accumulation cannot be extensive. 
In no case has an accumulation of diglyceridcs or of 
phosphatidic acid been observed, i.e. there has been no 
evidence of the presence of phospholipases C and D. 

12. The significance of lipid hydrolysis 

In contrast to oxidative changes in fish lipids, hydrolysis 
by itself has no obvious nutritional significance. Accu- 
mulation of free fatty acids is undesirable in oils which 
are to be extracted and marketed as such, e.g. fish 
liver oils or oils recovered during fish reduction opera- 
tions. But in fish tissues to be consumed as such, any 
effects of lipid hydrolysis on culinary quality are likely 
to be due to secondary changes, e.g. possibly increased 
susceptibility to oxidation and development of off- 
flavours. One such secondary effect has been emphasized 
by Canadian workers. Since the lipids, particularly 
the phospholipids, are intimately associated with protein, 
it is possible to envisage lipid hydrolysis affecting the 
stability of the protein towards denaturing influences, 
e.g. during freezing and cold storage. Dyer et al. (98, 



112) have emphasized that in cod there is a remarkable 
similarity between the rates of lipid hydrolysis and of 
protein denaturation, as measured by loss of solubility 
in 5 per cent sodium chloride solution. Moreover, this 
similarity extends to the effect of temperature on rate 
of change. They have further suggested that the known 
greater stability of the protein in such species as rosefish 
and halibut, compared to cod, may be due to a higher 
lipid content, and hence a longer time required to reach a 
critical level of hydrolytic breakdown. 

Olley et al (102b) have confirmed the similarities 
for cod, but have shown that generalization about 
species differences is dangerous. For frozen cod they 
have plotted the regression line for rate of lipid hydro- 
lysis against temperature of storage, and have shown 
that it is almost superimposable on the regression line 
for protein denaturation rate (loss of solubility in 
5 per cent NaCl) against storage temperature. When, 
however, protein denaturation curves for other species 
(namely lemon sole, halibut and dogfish) were compared 
with the corresponding lipid hydrolysis rates, all correla- 
tion failed. Data on protein denaturation in these 
three species were available only for storage at 14C, 
and it is not known whether for each of them the regres- 
sion line of degradation rate against temperature would 
be the same for lipid hydrolysis and for protein 
denaturation. But it is certain that lipid content and 
hydrolysis rate cannot be correlated simply with protein 
denaturation regardless of species. 

The four species studied varied greatly in total lipid 
content, and hence in results for free fatty acids or 
lipid phosphorus expressed on a total lipid basis. More- 
over, there was appreciable scatter in the initial levels 
of phospholipid and total lipid in the various samples. 
Nevertheless, certain findings were so marked and 
consistent that it is reasonable to summarize them as 
in Table XXI. 

The differences in protein denaturation rates are 
very great, and it will be seen that the relative order of 
the species in column 1 of Table XXI is not duplicated 
in any other column. The dogfish results are interesting. 
Phospholipid breakdown was virtually non-existent. 
There was a high rate of production of free fatty acids 
in the tissues, but great dilution of this by depot fat. 



Protein 
denaturation 

Lemon sole 



toredat- 14C l 

Loss of phospholipids 
In tissue In lipids 



TABLE XXI 
Protein denaturatkm and lipid hydrdyrii in the flesh of 1 

Accumulation ofFFA 

In tissue In lipids 

Cod, Halibut, Sole Dogfish Dogfish Dogfish 

Halibut .... Sole Halibut Halibut 

Dogfish .... Halibut Sole Sole 

Cod Dogfish Cod Cod Cod 

1 Rate of reaction increaiea down each column. 
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Considering only the three Tclcosts, the only lipid column 
in which the order of increasing rate of change agrees 
with that in column 1 is that for accumulation of free 
fatty acids as a percentage of the total lipids (column 3). 
Expressed on a tissue basis, the three species show identi- 
cal rates of accumulation of free fatty acids, and the 
differences on a lipid basis are small. They in no way 
correspond to the great differences in protein stability. 

The possible significance of lipid hydrolysis under 
other processing or storage conditions is obscure. In 
iced fish, at least in the species studied (cod, herring, 
lingcod), the initial lag period will probably cover most 
of the period of storage. The very fragmentary data on 
lipid hydrolysis in dehydrated cod (Table XVI) cannot 
be assessed as a factor in quality deterioration as revealed 
by the studies of Matheson and Penny (113). Likewise 
there is no evidence of the significance of lipid hydrolysis 
in salt fish. 

CONCLUSION 

Knowledge of the component lipids of fresh fish is 
far more extensive than knowledge of the effects of 
processing on these lipids. For fresh fish, more informa- 
tion is desirable on the non-depot lipids of vertebrates, 
and for all classes of lipids from invertebrates. Agents 
responsible for hydrolysis during processing and storage 
are often difficult to study in isolation, e.g. bacterial 
versus autolytic agents. The effects of freezing must be 
distinguished from those of low temperature storage* 
The possible significance of lipid hydrolysis on the 
quality of processed fish requires further study, and its 
understanding will probably involve some elucidation 
of the association of lipids with proteins in cell structure. 
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OXIDATION OF FISH LIPIDS 

by 
H. S. OLCOTT 

The highly unsaturated lipids of fish are readily susceptible to attack by molecular oxygen. The reaction proceeds by a free radical 
mechanism, and is therefore characterized by an induction period followed by an accelerating rate of oxygen absorption with concurrent 
developments of peroxides, rancid odors, and polymerized products. The rate of initiation of free radical chains is increased by light, heat, 
irradiation, and heavy metals. Free radicals react with oxygen to yield peroxy radicals, which then abstract hydrogen from substrate yielding 
hydroperoxides and new free radicals. A single chain is thus continued, but new chains result from the breakdown of the hydroperoxides to 
give new free radicals. Ultimately a plethora of reaction products results. 

The attack of fish lipids by oxygen can be hindered by added antioxidants, which act as free radical chain breakers or as peroxide- 
decomposers. Unusual synerastic effects are demonstrable with mixtures of antioxidants. No satisfactory theory is available to explain the 
variations observable with different antioxidants or mixtures, since the results depend to an unpredictable extent on the nature of the substrate, 
the temperature, and other variables. Examples will be given. 

Nutritional damage from the ingestion of oxidized fish lipids is caused by the toxicity of the peroxides, either elicited as such or from 
further oxidative reactions in vivo. Polymers would be expected to be damaging, insofar as they are no longer nutritionally available. 
Other of the numerous end-products of oxidation may also have deleterious effects. In general the adverse effects of fish oik oxidized in vitro 
or in vivo reflect secondary damage, due to the formation of free radicals from the decomposition of peroxides. Thus the ability of free radicals 
or peroxides to destroy vitamins A and E is reflected by various deficiency symptoms. Loss of lysine in stored or heated fish meals is probably 
due to reaction of carbonyl compounds. 

L'OXYDATION DES LIPIDES DE POISSON 

Les lipides du poisson contiennent des acides gras hautement insatures, qui les rendent susccptibles d'fttre facilement attaques par 
1'oxyoene. La reaction s'effectue par un mecanisme a radicaux libres, et elle est caracterisee de ce fait par une periode d'induction suivie par 
une absorption & vitesse acceleree de 1'oxygene avec un developpement correlatif de peroxydes, d'odeurs ranees et de produits de polymerisation. 
La vitesse d'initiation des chatnes de radicaux libres est augmentee par la lumiere, la chaleur, 1'irradiation et les metaux lourds. Les radicaux 
libres reagissent avec 1'oxygene pour fournir des radicaux peroxy, qui alors soustrayent 1'hydrogcne des hydroperoxydes du substrat et des 
nouveaux radicaux libres. Une chalne simple est ainsi poursuivie; mais de nouvelles chalnes resultent de la rupture des hydroperoxydes pour 



donner de nouveaux radicaux libres. En fin de compte, il en resulte une plethore de produits de reaction. 

L'attaque des lipides du poisson par 1'oxygene peut fttre retardee par Taddition d'antioxydants agissant par rupture des chaines de 
radicaux libres ou par decomposition des peroxydes. Des effets synergetiques inhabituels peuvent 6tre constates avec des melanges d'anti- 
oxydants. On ne dispose encore d'aucune theorie satisfaisante pour expliquer les variations qu'on peut observer avec les differents antioxydants 
ou melanges d'antioxydants, car les resultats dependent d'une facon imprevisible de la nature du substrat, de la temperature et d'autres vari- 
ables* On fournit des cxcmptes. 

Les dangers alimentaires d'une ingestion de lipides oxydes de poisson sont provoques par la toxicit* des peroxydes, soit d'origine 
immediate, sort issus de reactions d'oxydation ulterieurc in vivo. On devrait s'attendre 4 ce que les polymeres soient nocifs, s'ils etaient dis- 
poniWes plus tongtemps pour la nutrition. Certains autres des nombreux produits finaux de I'oxydation peuvent egatement presenter des 
effets deleteres. En general, les effets nocifs des huites de poisson oxydees in vitro ou in vivo traduisent des deg&ts seconoaires dus a la forma- 
tion des radicaux libres par la decomposition des peroxydes. Ainsi la capacitt des radicaux libres ou des peroxydes & detruire les vitamins A 
etEest miieen evidence par diven symptome* de d6ficience. La perte en lysine dans les farinesde poisson entreposees ou cuites est probable- 
ment due 4 la reaction des composes carbonyle*. 

LA OXIDACION DE LOS LIPIDOS DEL PESCADO 

Los Ifpidof de pescado contienen Atidos grasos altamente no saturados que los hacen susceptibles de ser atacados facilmente por el 
oxigeno. La reaction se efecttia por un mecanismo de radicales hbres y se caractenza por un periodo de induccidn seguido por una absorci6n 
a yetotidad acelerada de oxigeno, con prodution correlativa de peroxido, olores rancios y productos de la polimetizacidn. La velocidad de 
initiation de las cadenas de radicales libres la incrementa la luz, el calor, la irradiation y los metales pesados. Los radicales libres reaccionan 
con el oxigeno para producir radicales peroxi, los que extraen el hidrogeno de los hidroper6xidos del substrate y de nuevos radicales libres. 
De esta manera continua una sola cadena, pero se producen nuevas cadenas del desdoblamiento de los hidroper6xidos para dar nuevos 
radicales libres. Finalmente, esto resulta en una ptetora de productos de la reaction. 

El ataque de los llpidos de pescado por el oxigeno puede retardarse por adicion de antioxidantes que acttian por ruptura de las 
cadeiuu^ radicales Ubrao por descttnpo^ Los efectos iinergetkos no habituates se puedendemostrarconmezclasde 

antioxidantes. Todavia no existe una teoria satisfactory para explicar las variationes que se pueden observar con diferentes antioxidantes o 
mezclas de estos, porque los resultados dependen hasta un grade imprevisible de la naturaleza del sustrato, la temperatura y otras variables. 
Se darta ejempk*. 

Los peligros alimentarios de la inqestion de llpidos de peacado oxidados los causan la toxitidad de los per6xidos, bien de origen 
inmedkUo,oaereactionesde oxidation ultenores in vivo. Podriaespeiaroquelospolimerosfueseanotivosenk 
estardisponibtesparalanutricibn. Algunosotrosdetosnumerosos product 
En geoe^ los efectos notivcMde los acdtesdepesc^ 

Ubttiapawdetedeiccm^oiitiondelosperoxidos. Asf, la ctpatidad de los radicales libres o peroxide* de destrdr las vitamina* A y E se 
pone en evidencia por divenos sintomas de defitientia. La perdida de iisina en las harinas de pescado nlmacenadm o catentadas probable- 
mente se debc a la itactifo de los pompuestos carboftflo. 



' I 'HE lipids of fishare characterized by a high degree to proceed by a free-radical mechanism. It is character- 

I of unsaturation in the form of multiple double ized by an induction period during which oxidation is 

JL bonds in the fatty acids. These are susceptible to slow, followed by an accelerating rate of oxygen absorp- 

attack by molecular oxygen. Such oxidation is known tion with concurrent development of hydroperoxides, 
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rancid odors, and polymerized products. As shown in 
Fig. 1 a hydrocarbon free-radical adds oxygen to yield 
a peroxy-radical, which in turn abstracts hydrogen 
from an unoxidized substrate molecule yielding hydro- 
peroxide, and another hydrocarbon free-radical. A 
single chain is thus continued. The acceleration of the 
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Fig. L Autoxidation of polyumaturated fatty acids. 

reaction is due to the new chains which result from the 
breakdown of hydroperoxides to give new free-radicals. 
Some of the fatty acids of fish contain multiple ethy- 
lyenic bonds which appear to be solely of the methylene- 
interrupted variety: for example, 4, 7, 10, 13, 16, 19- 
docosahexaenoic acid. Hydrogens of the methylene 



groups are available for reaction with peroxy radicals, 
whereupon a shift of double bond to conjugated linkage 
and radical transfer occurs (Fig. 1). These reactions, 
the theory of which is that of Farmer (1), have been 
substantiated for methyl linolenate (2). Similar studies 
with the highly unsaturated lipids offish will be extremely 
difficult because of the large number of potential isomers. 
Thus Frankel et al. (2) were able to separate the 4 
hydroperoxides of octadecatrienoic acid from autoxidized 
methyl linolenate. The six double-bonded 22 carbon 
acid from menhaden oil mentioned above would be 
expected to yield 10 isomeric hydroperoxides, each 
containing three or four active methylene groups. 
The next step in the autoxidation is a decomposition 
of hydroperoxide characterized by both scission and 
polymerization of the hydrocarbon chains, with further 
oxidation of susceptible fragments. The nature of these 
subsequent breakdown products has been most exten- 
sively studied for vegetable oils. This work has been 
reviewed recently by Evans (3) (Table I). No detailed 



Products of decotnpontioii 



TABLE I 

of hydroperoxWes of vegetable oils 



Volatile* 

Aldehydes 

Ketones 

Hydrocarbons 

Alcohols 

At least 200 

different compounds 



Non-volatile 
Polar Compounds 

Aldehydes 
Ketones 
Hydroxyl comp. 
Acids 



Polymers 

Dimers " 
Trimers 
Higher polymers 



(Adapted from Evans (3) ) 



studies have yet been made offish oil breakdown products, 
but again they would be expected to be remarkably more 
complicated. Table II shows a comparison of the un- 
saturated fatty acids of menhaden oil with those of soy 
bean oil. The complexity of the breakdown products 
would be multiplied by the fact that the fish oils are 
composed of triglycerides, in which the various fatty 
acids exist in numerous combinations, as esters of 
glycerol. The quantitative nature of these combinations 
has yet to be worked out. 



Antioxidants 



1 pro-oxkbuits 



However interesting may be the oxidation products of 
fish lipidSi the principal aim of the technologist wishing 
to use fish as food should be to prevent them from 
occurring. For this purpose, understanding of the 
factors which promote and inhibit oxidation is necessary. 
The following generalizations may be made: oxidation 
may be inhibited or slowed (a) by replacement of air 
with inert gases or vacuum, (b) by the use of substances 
which can chelate or inactivate heavy metals, and (c) 
by antioxidants. Although numerous empirical studies 
on antioxidants have been made, investigators have often 
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ConprtKNi of compottto. <X 



Afo. 



1 
2 
3 
4 
5 
6 



TABLE II 
fctty 

Percentage Composition 
Menhaden Oil 



1-2(2) 
2-0 (2) 
0-6 
12-5 (1 




ad *>y bean oil 
Soy Bean Oil 



23 

49 

8 



8-9 (1) 
Adapted from Stoffel and Ahrens (4). Figure in parentheses indicates number of known isomers. 



not used comparable techniques and contradictory 
results are reported. 

It is beyond the scope of this paper to discuss the 
theories of antioxidant action. In his review of this 
field Ingold (5) has shown that antioxidant effects in 
gasoline, lubricating oils and pure hydrocarbons are 
parallel in many instances to those observed with edible 
fats and oils. Antioxidants for fats and oils may be 
arbitrarily divided into two groups: primary anti- 
oxidants, and synergists (6). The first group includes 
those which are effective in very small amounts; 
these in general are characterized by being hydroxyl or 
nitrogen derivates of aromatic compounds, and are 
free-radical acceptors. Those antioxidants which are 
permitted for use in the United States are shown in Table 
III. Alpha- and the other tocophcrols are considered 
the most important natural antioxidants (7). 



TABLE III 



Partial Us* of] 



Antioxidants 

Tocopherols . * . 
Butylatcd hydroxyanisole (BHA) 
Butylated hydroxytolucne (BHT) 
Propyl gallate .... 
Nordihydroguaretic acid (NDOA) 
Oumguaiac ... 
TOodiprpmonfc acid 
Dilauryl thiodipropionatc . 



1 Usually not more than 0*02 per cent. 



d in the US. 1 

Synergists 

Ascorbic acid 
Erythorbic acid 
Ascorbyl palmitate 
Citric acid 
Isopropvl citrate 
Stearovl citrate 
Lecithin 
Phosphoric acid 



Synergists are not effective inhibitors at the levels 
where primary antioxidants act, but do show remarkable 
additive effects. These results have been attributed to 
various effects : for example, the chelation of pro-oxidant 
heavy metals (8). Thus the efficacy of citric acid in 
hydrogenated soybean oils is said to be due to the chela- 
tion of trace amounts of residual catalyst (9). However, 
it is unlikely that all synergfetic effects can be due to 
reaction with metals. Ingold (5) attributes certain 
synergistic effects to reaction with non-radical inter- 
mediates. Thus a free-radical acceptor (primary anti- 
oxidant) and peroxide decomposer (synergist) may 



together have more antioxidant activity than could 
have been predicted. In fact, it is probable that those 
antioxidants which eventually will prove to be most 
useful will be combinations of at least two and possibly 
more different oxidation inhibitors. 

Unfortunately the information so far available is not 
sufficient to permit prediction. The effectiveness of 
various antioxidants and combinations of antioxidants 
and synergists differs with different substrates and 
conditions of testing. As an example, both ethoxyquin 
and a-tocopherol are efficient primary antioxidants; 
but in combination a-tocopherol interferes with or 
antagonizes ethoxyquin (10). As another example, it 
has been shown that the relative effectiveness of anti- 
oxidants in various substrates is influenced by the 
presence of free fatty acids, even in small amounts (11). 

Many substances which normally occur in fish may 
act to promote or retard oxidation in fish products. 
The tocopherols have been mentioned. Amino acids have 
shown varying degrees of antioxidant, and also pro- 
oxidant, action (12, 13), depending upon concentration, 
pH, and other factors. Histidine has been found to be 
both an effective antioxidant and pro-oxidant. This 
amino acid occurs in relatively high concentration in the 
flesh of some marine fish (15). Ascorbic acid is also an 
antioxidant in fish products; one group has reported, 
however, that as a dip it protected color and flavor, but 
not against the development of rancidity (14). Phospho- 
lipids which occur in every tissue have long been known 
to act as antioxidant synergists (16). Recently we have 
shown that both purified lecithin and cephalin fractions 
are effective. 

It has already been mentioned that heavy metals 
accelerate the oxidation of unsaturated fats. This is 
particularly marked with the naturally-occurring heme 
compounds (13, 17). It has been suggested that heme 
catalysis is the most important single factor in the 
oxidation of animal lipids in situ (13). The pro-oxidant 
activity is said to depend upon the ferric rather than the 
ferrous state (18). 

On the other hand, Banks et al. (19) have recently 
shown that increasing amounts of cytochrome C tend 
to inhibit rather than accelerate the oxidation of methyl 
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linoteate hydropcroxide. These contradictory results 
cannot be resolved in the present state of knowledge. 

The effect of salt on oxidation of fish products has 
received attention in several laboratories. Most have 
observed accelerated oxidation in salted fish products. 
It has been suggested that this might be due to heavy 
metal impurities in the salt used; but the matter is 
still not satisfactorily explained. 

The combined findings demonstrate clearly that the 
initiation and rate of oxidation of fish and fish products 
can be dependent upon the presence and interaction of 
numerous substances, both naturally occurring and 
added. 

Oxidation of different fish products 

Oxidation of frozen whole fish causes the development 
of rancidity, fading of carotenoid pigments (e.g. salmon), 
and formation of rust, a brown discoloration. Numerous 
studies have been made on methods of avoiding these 
changes. Low temperatures and glazing are useful. The 
ascorbic acid dips help to retain color, but do not inhibit 
the onset of rancidity, under one set of conditions 
(14). The brown color is thought to result from the 
reaction of carbonyl breakdown products of hydro- 
peroxides with nitrogenous substances. However, one 
study implies that the brown color is not a result of 
carbonyl-amine reaction (20). 

Some cooked fish is particularly susceptible to rapid 
oxidation. Zipser and Watts (21) find that polyphos- 
phates and ascorbic acid make an effective antioxidant 
combination, but the mechanism is unknown. 

The manifold changes that occur in the manufacture 
and storage of fish meal have received much attention 
(22, 23, 24). Oxidation and heating are a major problem 
for meals made from fatty fish such as herring, sardine, 
and menhaden. The reaction begins during drying and 
can lead to excessive heating, charring and even fire, 
unless precautions are taken. These include removal 
of heat from stacks, turning, prevention of oxidation 
by antioxidants or storage of meal in bags which do not 
allow free ingress of air. The oxidative reactions which 
occur during heating, or during subsequent long term 
warm storage, can lead to a loss of the lysine values of 
the meal due to reaction of carbonyl compounds with 
the epsilon amino groups of the fish proteins (23). 

March et al. (24) found that herring meal stored at 
20C oxidized faster than at 25C as shown by de- 
creases in the amount of lipid extractible with ether and 
in its iodine number. The changes were prevented by 
antioxidants. It is suspected that the greater stability of 
fish meal at higher temperature may be due to and- 
oxygenic materials which are formed. 



NotritfoMli 

The nutritional disadvantages of oxidized fish lipids may 
be divided into those which occur from the ingestion 
of lipid materials, after oxidation has already occurred, 
and those resulting from in vivo reactions of highly 



unsaturated fatty acids. It is not possible to separate 
these clearly, inasmuch as oxidation actually may occur 
during the time the food is being prepared, ingested, 
absorbed, transported, or deposited. Post-absorptive 
oxidation phenomena will be reported upon elsewhere 
in this compendium. 

The toxicity of oxidized fish lipids is attributable to 
the toxicity of the hydroperoxides (25, 26), which cause 
death when ingested or injected, either as concentrates 
or as pure compounds. Although the exact mechanism 
of toxicity is not known, evidence indicates that free- 
radicals arising from the decomposition of the hydro- 
peroxides may be responsible. Specifically the intestinal 
wall may be the main site of injury when peroxidized 
fats are fed (26). 

The toxicity of overheated vegetable and animal fats 
is due to polymers not precipitable by urea (27, 28). 
Similar polymers occur in heated fish lipids (29), and 
may occur in fish meals which have undergone "curing." 
There seems to be no good evidence for toxic effects 
of this nature in fish meals. In fact, the universal favor 
found with fish meals in stock feeding, despite their 
having been oxidized, speaks against such toxic products, 
except possibly in comparatively small amounts. The 
damage which can or might be done to other nutrients 
is probably of more importance than toxicity per se. 
Thus the oxidized lipids can be responsible for the 
co-oxidative destruction of carotenoids, vitamin A and 
vitamin E, probably by free-radical type reactions. Also 
the carbonyl compounds resulting from peroxide break- 
down can react with amino groups in amino acids, 
proteins, phospholipids etc., with consequent loss of 
nutritive values. 

In summary, the preservation of the nutritive values 
of fish products depends upon the prevention of oxida- 
tive attack on the lipids. This can be achieved as follows : 
(a) remove lipids, (b) prevent access to air or oxygen, 
(c) avoid contamination by pro-oxidants such as heavy 
metals, (d) add antioxidants or combinations of anti- 
oxidants and syncrgists, (e) avoid irradiation including 
light, (/) use low temperatures (for exception with fish 
meal, see text). 

The references provided are not complete. Some of the more 
recent publications have been favoured. 
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SOME MODERN METHODS OF SEPARATION AND ANALYSIS 

APPLICABLE TO FISH OILS 

by 
RALPH T. HOLMAN 

In recent years a number of physical methods for analysis of fats and lipids have been developed. Many of these are discussed, 
and examples of their application to fish lipids are given where possible. The methods include distillation, crystallization, adsorption chroma- 
tography, partition chromatography, paper chromatography, chromatography on glass paper, thin-layer chromatography, and gas phase 
chromatography. These, used singly or in combination, oner a much more definitive description and analysis of lipids than was possible only 
a few years ago. 

QUELQUES METHODES MODERNES DE SEPARATION ET D'ANALYSE APPLICABLES 

AUX HUILES DE POISSON 

Au cours des annees recentes, un certain nombre de mfthodes physiques pour I'ai&alyse des graisses et lipides pnt etc miscs au point. 
On examine plusieurs de ces mtthodes, et Ton dpnne dans la mesure du possible des exemples de leur application aux lipides du poisson. Ces 
mdthodes comprenncnt la distillation, la cristallisation, la chromatographie par partition, la chromatographie sur papier, la chromatographie 
sur papier en nbres de verre, la chromatographie en couche mince, et la chromatographie en phase gazeuse. Ces m&hodes, utilisecs seules ou 
en combinaison, permettent une description et une analyse des lipides plus precise qu'il ne I'ttait possible quelques simples annees plus tdt. 

METODOS MODERNOS DE SEPARACION Y ANALISIS APLICABLES A LOS ACEITES DE PESCADO 

En los ultimos aftos se ban descubierto varies m6todos fisicos para el anilisis de grasas y lipidos. Se discuten muchos de ellos, y 
5 que es factible se dan ejemplos de su aplicaci6n a los lipidos del pescado. Entre los mttodos estan : destilacidn, cristalizatidn, cromato- 
de absorci6n, cromatografia de particibn, cromatografia sobre papel, cromatografia sobre papel de vidrio, cromatograffa an capas 
das y cromatografia de fases a traves de gas. Empkados por separtfdo o juntos ofrecen una descripci6n y analysis de lipidos mucho mas 
finitiva de lo que era posible hace unos pocos aftos. 



CHEMICAL evaluation offish oils has changed its 
direction and objective with changes in the com- 
mercial use of these products, and the methods for 
evaluation of fish oils have followed suit. Formerly the 
chief utility of fish oils was their content of vitamins A 
and D, and the triglyceridc vehicle which contained them 
received little attention. Although it was known that the 
oil was highly unsaturated, and subject to oxidation 
which produced vile flavors, the analysis of the com- 
ponent fatty acids was difficult and these components 
received little attention. Measurement of the extent of 
oxidation was of importance in predicting the shelf-life 
of the product, for oxidation not only decreased the 
vitamin A content but made the product unpalatable and 
unacceptable. 

However, since the synthesis of vitamin A, the market 
for fish oils as a source of this vitamin has decreased, and 
outlets for other purposes have been sought. At the same 
time, several investigators discovered that highly un- 
saturated fatty acids in the diet have a pronounced effect 
in reducing the level of serum cholesterol, and are there- 
fore believed to be beneficial in the prevention of athero- 
sclerosis and accompanying heart disease. Also at the 
same time several new analytical methods, including gas 
chromatography, have proved to be very powerful and 
discriminating tools in analysis of the lipid component 
These methods allow rapid analysis of the fatty acids, and 
reveal that most fats contain many more lipid fatty acids 



than were thought to be present. The combination of 
these circumstances has stimulated a strong interest in the 
characterization and analysis of fish oils. Many new 
constituents have been discovered, and their composition 
can be measured by a variety of methods. 

The newer physical and chemical methods of analysis 
of lipids have been the subject of many reviews, and I do 
not intend to repeat these. In the time and space allotted, 
I cannot be either comprehensive or detailed. It is my 
purpose, therefore, to indicate a few of the newer 
approaches to the analysis of fats and oils, and to empha- 
size those with which I have had some experience. The 
reader is advised to consult standard treatises, mono- 
graphs, and review articles for details and a wider 
selection of references (1-6). Whenever possible, 
examples of separation of lipids will be taken from the 
literature pertaining to fish oils. However, many of the 
new methods were first applied to other natural sub- 
stances, and the best examples of their use involve other 
oils or lipids. But all the methods to be discussed apply 
equally well to fish oils. 

Distillation 

Traditionally, fractional distillation at low pressures has 
been a central method in the analysis of fats. For 
example, the school of Hilditch fractionated the methyl 
esters of mixed fatty acids by low pressure distillation as 
the separation step. Cuts or fractions of distillate were 
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then characterized by iodine number, by thiocyanogen 
value, or by measurement of polyenoic acids by alkaline 
isomerization to give the final analysis of the oil. Most of 
our information on composition of fish oils was gained 
by these methods (7). This procedure is now only of 
historical interest Fractional distillation is still used as 
a means of bulk separation for preparative purposes, or 
as a means of concentrating trace substances prior to 
analysis by another method. The latter purpose is 
illustrated by the work of Gellerman and Schlenk (8) who 
used fractional distillation to concentrate esters of fatty 
acids that have odd chain lengths to the point where they 
could be detected by chromatographic means. 

Molecular distillation, or short path high vacuum dis- 
tillation, is most frequently used in lipid chemistry in the 
separation of substances that differ widely in molecular 
weight and consequently have quite different vapor 
pressures. Thus, in commercial practice, fish oils have 
been subjected to molecular distillation to obtain vitamin 
A, and tocopherols have been similarly prepared from 
vegetable oils. The same equipment can be used to 
achieve partial fractionation of esters of mixed fatty acids. 
The degree of separation possible is illustrated in Fig. 1 
showing the composition of serial fractions from a 
laboratory molecular distillation of methyl esters of cod 
liver oil (4). 




25 50 75 

PERCENT OF SAMPLE 



Flg.L Molecular affiliation of nvthyl esters of cod liver oil. Chain 
length separation is indicated by the plots of one representative of each 
chain length group. Distillation and Iodine value by courtesy of 
Robert Nergaard, J. C. Martens Co., Bergen. Prom Fontett et al. (). 



Molecular distillation is also applicable to quantitative 
analysis. Privett et al (9) have measured the content of 
mono-, di-, and tri-glyccrides in samples of 0*5-2 g. at 
less than 10-* mm. Hg. by observing the continual 
weight loss of the sample supported on a quartz fiber 
balance as the temperature is increased. One of their 
analyses is shown in Fig. 2. 



The separation of fatty acids or esters by low temperature 
crystallization b*s been reviewed thoroughly by Brown 
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Fig. 2. Analytical molecular distillation of mono-, di-, and tri- 
glycerides. From Privett et al. (9). 

and Kolb (10). This method, too, has its greatest use in 
bulk separations for purposes of preparation ; it is useful 
in quantitation only as a preliminary step for concentra- 
tion of constituents. In recent years, advances in develop* 
ment of this method have b<?en few; but notable among 
these was the use by Schlenk and Ener (11) of liquid 
sulfur dioxide as a solvent for the fractionation. Acids, 
esters, and triglyccrides can be separated into saturated 
and unsaturated components. For example, a 0*91 g. 
portion of menhaden oil methyl esters (iodine value 
151*5) was crystallized from 40 ml. of SO 2 at 35 to 
37C The solid fraction, 13-5 per cent of the total, had 
an iodine value of 1 *2, whereas the liquid portion, 83 per 
cent, had an iodine value of 179. Similar treatment of 
crude menhaden oil (iodine value 177), separated 43-5 
per cent as an insoluble fraction which was highly colored 
and had an iodine value of 112. The soluble portion, 52 
per cent, had an iodine value of 210. 
Urea complex crystallization has in some respects 
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replaced low temperature crystallization. Separations 
which may require subzero temperatures by the crystal* 
lization method can be achieved at temperatures above 
zero by urea complex crystallization. For example, 
successive fractions of shark liver oil fatty acids were 
separated by stepwise addition of urea (12). As the 
fractionation proceeded, the iodine value rose; but the 
filtrate from the last fractionation contained the major 
portion of the unsaturated acids (Fig. 3). When ethyl 
esters of cod liver oil fatty acids were subjected to the 
same procedure, the most highly unsaturated fatty acids 
formed complexes late in the scheme, indicating that 
esters of unsaturated acids form complexes more easily 
than do the free acids. Crystallization methods do not 
give all-or-none fractionation, but partial separations; 
they are useful in large-scale preparations and concen- 
trating saturated or unsaturated acids or esters. For 
example, in studies of the metabolism of highly un- 
saturated acids, Klenk and Mohrhauer (13) used low 
temperature fractionation of mixed fatty acids prior to 
gas chromatographic analysis of their methyl esters. 

Adsorption chromatogrmphy 

In the separation of lipids, adsorption chromatography 
using charcoal has been mostly practiced as displacement 



chromatography (14). In this technique the sample on a 
column is developed by displacing it with a solution of a 
substance which is adsorbed more strongly than is any 
component of the sample. Thus, the components separate 
and travel as zones through the column, each displacing 
or pushing the next one lower in adsorbability. The 
chromatogram may be monitored by interferometry, 
paper chromatography, thin-layer chromatography, or 
by any other suitable means. In Fig. 4, the ethyl esters of 
the highly unsaturated acids of cod liver oil were separated 
by displacement chromatography, and the separation was 
monitored by paper chromatography and interfero- 
metry. These components were identified by alkaline 
isomerization, and one of them was isolated in 100 mg. 
quantities (5). Similar separations have been performed 
in the glyceryl ether series (5, 15). 

The most commonly used form of adsorption chroma- 
tography in the lipid field is elution chromatography on 
silicic acid. This is now a routine method for separation 
of lipid classes, whatever their origin (16, 17). The 
separation of representatives of several lipid classes is 
shown in Fig. 5. By the appropriate choice of solvents, 
adsorption chromatography is also applicable to the 
separation of members of a class. Herb et al. (18) have 
used this technique for the isolation of several highly 
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Fig. 5. Adsorption chromatography of several Upids of different classes on a column of silicic acid, from Hirsch and Ahrens (77). 



unsaturated acids for use as standards in the alkaline 
isoraerization analysis. 

Partition chromatography 

Reversed phase partition chromatography has been 
particularly successful in the separation of closely related 
lipid substances. It is currently being used in several 
forms for the isolation or measurement of fatty acids as 
their esters. Boldingh (19) used rubber columns for the 
analysis of herring oil, which was accomplished in two 
stages. The saturated acids remaining after oxidation of 
the unsaturated acids were separated and measured. The 
original mixture subjected to hydrogenation was analysed 
by the same means. The difference between the two 
analyses represents the unsaturated acids of each chain 
length (Fig. 6). Hirsch has applied rubber columns in 
the analysis of fatty add methyl esters, using a recording 
rcfractometer to monitor the system. In this way he has 
been able to separate single methyl esters differing by 
degree of unsaturation (20). 

Partition chromatography using acetonitrile-mcthanol- 
heptane on non-wetting celite is very effective in separat- 
ing fatty acid esters which differ only by degree of un- 
saturation. For example, Privett and Nickel! (21) have 
separated unsaturated fatty acid methyl esters from 
samples as large as 10 g., and have isolated several Cu 
esters. An example is given in Fig. 7. They have 
separated positional and geometric isomers of some 
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Fig. 7. Isolation of methyl palmitate, s tear ate, oleate, linoleate, and linolenate by sortition chromatography on non-wetting Celite. Concentra- 
tion of fractions was determined semtquantitatively by charring aliquots on thin-layer plates and measuring the char by densitometer. From 
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unsaturated fatty acid esters: for example, two isomers of 
methyl decosahexaenoate from fish oils. 

Silicone columns are likewise very effective in separat- 
ing closely related acids or esters. Gellerman and Schlenk 
(8) have used silicone columns to isolate odd chain acid 
methyl esters from menhaden oil. They chromatographed 
selected fractions from a distillation of methyl esters from 
menhaden oil, monitoring the chromatographic fractions 
by paper chromatography, and demonstrated the 
presence of 13, 15, 17, and 19 carbon fatty acids in the 
oil to the extent of 0*09, 0*65, 0*6, and 0*05 per cent 
respectively. The acids so isolated were shown to be at 
least 99 per cent pure by gas chromatography. Their 
work is illustrated in Fig. 8. 

Paper chromatography 

Separation of fatty acids or their derivatives by paper 
chromatography has been developed principally by two 
schools. Schlenk et al. (22) used silicone paper and 
stained the developed papers with iodine or iodine cyclo- 
dextrin to reveal the lipids. Kaufmann's laboratory, using 
undecane-treated paper, commonly detects the spots by 
converting the fatty acids to heavy metal salts, which are 
then detected by color reagents (3, 24). An example of the 
former is given in Fig. 9. Paper chromatography is rapid 
and has several uses. Perhaps its simplest use is as a test 
of purity. It may be used as a monitoring device to test 
the separations achieved on a larger scale by another 
technique, as shown in Fig. 4. Paper chromatography 
may also be made quantitative. Mangold has methylated 
fatty acids with radioactive diazomethane, and deter- 
mined the density of radioautographs of the developed 
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Fig. 9. Separation of unsaturated fatty acids by paper chromatography 
(5, 22). 

paper chromatograms (23). Kaufmann and Budwig 
used salts of radioactive cobalt to quantitate separations 
of fatty acids. 

Chromatogrmphy on gUw paper 

This modification of paper chromatography introduced 
by Dieckert and Reiser (25) has this advantage over 
conventional paper chromatography, that caustic reagents 
can be used for the demonstration of the separated spots. 
Usually the chromatogram is sprayed with sulftiric acid, 
and then heated to char the carbonaceous components. 
The glass papers may be impregnated with adsorbent 
materials to achieve specific separations. The method is 
extremely rapid in routine use, a separation being accom- 
plished and made visible in as little as 10 minutes. 
Quantitation can be achieved via glass paper chromato- 
graphy, and a method for determination of plasma 
cholesterol has been devised by Swartwout et al. (26). 
It appears that any separation which can be performed 
qualitatively on glass paper can be converted to a 
quantitative method. This technique should have many 
applications in the analysis of fish lipids. 



chrom*togr*phy 

Adsorption chromatography on thin layers of silicic acid, 
introduced by Stahl (27), in many ways resembles paper 
chromatography in its manipulation. A shiny of silicic 
acid (or some other adsorbent) is spread uniformly on 



glass plates, dried, and activated. Sample spots are 
developed by either ascending or descending elution, and 
the separated spots made visible by a variety of reagents. 
Mangold and Malms (28) were the first to reveal the high 
potential of this technique for the separation of lipids. In 
my opinion, the importance of this method to lipid 
chemistry is equal to that of gas chromatography. 
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/^. 70. Separations achieved by thin-layer chromatography: (a) 
lanolin; (b) ofev/ a/cofto/, cholesteryl palmitate and saualene; (c) 
soupfin shark liver oil; (d) tristearin, vitamin A palmitate, and 
squalene; (e) ratfish liver oil; (t) batyl alcohol, vitamin A and batyl 
distearin; (g) basking shark liver oil; (h) vitamin A, tristearin and 
squalene; (i) castor oil; 0) squalene; (k) olive oil; (1) tristearin. The 
order of mention is from bottom up. Dotted lines indicate minor 
constituents. From Mangold and Matins (28). 

Lipid classes that differ in degree of polarity are easily 
separable. With refinements of technique, even members 
of a class can be separated. Figure 10 shows a few typical 
separations. Privett and Blank (29) have adapted the 
method to the quantitative analysis of mono-, di- and tri- 
glycerides. Vioque and Holman (30) have developed a 
method for the measurement of lipid components con- 
taining ester groups based upon thin-layer chromato- 
graphy and colorimetric measurement of the hydroxa- 
mates of the components. 

Thin-layer chromatograms (and glass paper chromato- 
grams) can be used for rapid small-scale tests of adsor- 
bents or solvent systems in column chromatography. 
They may be used to test the purity of products or 
fractions from other separations. They may be used as 
monitors of larger fractionations. The quantity of solute 
in aliquots of fractions from a chromatogram has been 
determined by charring on thin-layer plates (Fig. 7). 

Gas chromatography 

Gas chromatography, perhaps more than any other 
technique, has been responsible for the recent impetus 
in lipid research. The separations achieved by it are 
remarkably clear-cut, and the method can be adapted to 
a wide variety of analytical problems. Any substance 
that will vaporize without appreciable decomposition can 
be separated and measured. 

The literature on the development of this method and on 
its application to lipids is voluminous (31). We can give 
here only a few examples of its application to fish oils. 
Farquhar et al (32) have made the most complete 
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Fig. 11. Gas chromatography of methyl esters of menhaden body oil on Apiezon M. From Farquhar et al (32). 



analysis of the fatty acids of a fish oil. They detected a 
variety of branched and unsaturated fatty acids, and 
determined the structures of several of them. By their 
chromatographic systems they detected approximately 
forty different fatty acids in menhaden oil. An example of 
one of their chromatograms is seen in Fig. 1 1. 

Blomstrand and Glirtlcr (33) have applied gas chroma- 
tography to the separation of glyceryl ethers as their 
acetates, and Malins (34) has used gas chromatography 
of the aldehydes from the lead tetracctatc oxidation of 
glyceryl ethers for the characterization of the alkoxy 
diglycerides present in dogfish liver oil. Lambcrtsen and 
Holman (35) have studied the composition of the hydro- 
carbons of fish oil, using gas chromatography. They 
found as many as 20 hydrocarbons that appeared to be 
present as groups or families which increased or decreased 
together from species to species. Pristane and squalene 
were prominent. New and other constituents of the non- 
saponifiable matter should be readily separable with the 
high temperature columns and temperature-programming 
equipment now available. The native triglyccrides are 
still somewhat of a problem; but Huetmer (36) has 



separated glycerides as high as trimyristin in gas phase 
equipment. The applicability of the techniques to fish 
oils has certainly not been exhausted. Gas chromato- 
graphy and thin-layer chromatography make a particu- 
larly powerful combination of methods for characteriza- 
tion of lipids. Because both require only small samples, 
separated spots on thin-layer chromatograms can be 
scraped off and subjected to gas chromatography. 
Conversely, fractions from a gas chromatogram can be 
captured and subjected to thin-layer or paper chromato- 
graphy. 

Conclusion 

Whereas a decade ago a dearth of discriminating methods 
for fat analysis existed, we now have a great variety of 
good techniques for preparation and analysis of lipids. 
These permit choice, depending upon sample size and 
type of separation desired. These methods are all 
applicable to fish oil analysis, and merely await applica- 
tion by scientists concerned with the biochemistry offish 
and the chemistry of fish products. 
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RELATIONSHIP BETWEEN PROCESSING TECHNIQUES AND THE 
AMOUNT OF VITAMINS AND MINERALS IN PROCESSED FISH 

by 
HIDEO HIGASHI 

Fish is a rich source of vitamins and minerals for both man and domestic animals. The amounts of these nutritive substances con- 
tained in fish, however, vary according to biological factors such as species, age, and the anatomical part of the fish. Moreover, processing 
techniques affect the stability level of vitamins. It is therefore necessary to determine the extent of loss of vitamins in fish from an initial 
level for each processing technique. 

As a raw material for human consumption r an individual fish may roughly be divided into edible and non-edible parts, the latter 
usually being discarded before cooking. In a large-sized fish, for instance, the non-edible portion may include the head, fins, viscera, bones 
and scales. It has been shown, however, that many of the vitamins and minerals of nutritive value are more abundant in the non-edible por- 
tion. Furthermore, vitamins and minerals in the edible part are not always very constant in quantity, varying according to the different 
parts of the fish body. Therefore, a processing technique may often exert an effect upon the amount of the nutritive elements in a product, 
even when only the edible portion is used. 

In fresh fish, nearly all vitamins are found in the edible portion, though the level of concentration differs with the species. Generally 
speaking, however, most or the fat-soluble vitamins do not present a significant loss in quantity during processing. It is during storage that 
salted or frozen products show a considerable loss in vitamins due to oxidation. The use of an antioxidant is a very effective prevcntativc, 
unless the oil contents in fish are large. Then the use of an antioxidant may sometimes prove uneconomical. 

Water-soluble vitamins in fish may sometimes be lost through decomposition by heating, or in extraction by water or a salt solution. 
Nevertheless, this characteristic can be turned to advantage by enhancing the nutritive value of fish solubles in food for domestic animals by 
collecting water-soluble vitamins as much as possible from the raw material. 

In Japan, where the consumption of fish as food is the highest in the world, there are many processing techniques, and there is great 
interest in biochemical changes in vitamins and minerals during processing. Some of the studies made concerning processing factors responsible 
for changes in these nutritive elements of fish are described in this paper. 

LE RAPPORT ENTRE LES TECHNIQUES DE TRAITEMENT ET LA TENEUR EN VITAMINES ET EN 

MINERAUX DANS Uf POISSON TRATTE 

Le poisson est une grande source de vitamincs et de mMraux et pour rhomme et pour les animaux domestiques. Cependant, les 
valeurs de ces substances nutritives continues dans le poisson sont variables en fonction de facteurs biologiques tels que 1'espece, 1'ftge et les 
zones anatomiques du poisson. Les techniques de t&itement affectcnt d'autrc part le niyeau de stability des vitamines. II est done ntcessaire 
de determiner la volume des vitamines qui est perdue dans le poisson & partir de leurs niveaux initiaux dans chaque technique de traitement. 

En tant que matiere premiere pour la consommation humaine, un poisson inidividuel peut tre divise simplement en partie consom- 
mable et partie non-consommable; celle-ci 6tant gfadralement jetee avant la cuisson. Pour un gros poisson, par exemple, la partie non-con- 
sommable peut comprcndre la tftte, les nageoires, les visceres, les aittes et les fcailtes. On a montrd, cependant, qu'un grand nombre des 
vitamines et des miniraux de haute valeur nutritive sont plus abondants dans les parties non-consommables. En outre, les vitamines et 
mineraux de la partie consommable ne sont pas toiyours repartis en quantitts uniformes dans le corps du poisson. De ce fait, la quantitd 
d'ttements nutritifs d*un produit peut tore vanec selon la technique de traitement, meme si ce produit est pr6par6 avec seule la partie consom- 
mable du poisson. 

Dans le poisson frais, presque toutes les vitamines existent dans la partie consommable, bien qu'a un niveau de concentration different 
selon les types. Cependant, la plupart des vitamines liposolubles ne pr&entent g6nralement pas une perte quantitative appreciable au cours 
du traitement. C'est pendant Tentreposage que les produits sal& ou congelds presentent une pcrte considerable de vitamines due & 1'oxydation. 
L'utilization d'un antioxydant est tres efficace pour prevenir la perte de vitamines, k moins que le poisson ait une forte teneur en huile. Dans 
ce cas, 1'utilisation d'un antioxydant peut sc riveter parfois comme peu feonomique. 

Les vitamines hydrosolubles du poisson peuvent fttre quelquefois perdues & cause de la d&omposition par la chaleur ou de Fextrac- 
tion par 1'eau ou par une solution saline. Cependant, cette perte caractiristique peut devenir un avantage aux mains de rhomme pour dlever 
la valeur nutritive des solubilises de poisson utilises dans 1'alimentation des animaux domestiques, en cherchant & recueillir, depuis les matieres 
brutes, le plus possible des vitamines hydrosolubles. 

Au Japon, ou la consommation de poisson est la plus importante du monde, il existe de nombreuses techniques pour le traitement 
du poisson ; et les changcments biochimiques en vitamines et en mindraux, resultant de la technique du traitement, suscitcnt un grand intdrftt. 
On dteira quelques dtudes effectuees sur les facteurs de traitement responsables des modifications de ces 61dments nutritifs. 

RELACION ENTRE LAS TECNICAS DE ELABORACION Y LA CANTIDAD DE VITAMINAS Y MINERALES 

EN EL PESCADO TRATADO 

El pescado es una fuentc importante de vitaminas y minerales para el hombre y para sus animates domesticos. Las cantidades de 
estas substancias nutritivas en el pescado varfan de acuerdo con factores bioldgicos como la cspecie, edad y parte de la anatomia de que 
procedan. Tambfcn, las t6cnicas de fabricaci6n infiuyen en la estabilidad de las vitaminas. Por esto es necesario determinar la pdrdida de 
vitaminas a partir de la conccntratidn initial, en cada una de las diversas ttoiicas de ekboracidn. 

Como materia prima para el consume humano el pescado puede dividirse en una parte comestible y otra no comestible, la cual se 
desecha generalmente antes de k coccidn. En el caso del pescado grande, la parte no comestible puede comprender cabeza, atetas, visceras, 
espinas y etcamas. Se ha demostrado que muchas vitaminas y minerales de valor nutritivo abundan mis en las partes no comestibles. Asimis- 
mo, las vitaminas y minerales en la parte comestible no se encuentran siempre en igual proporci6n en las divenas partes del cuerpo, y de 
aqui que un procedimiento de elaboraci6n ejerza en k cantidad de elementos nutritivos del producto, aun cuando s61o se emplee la parte 
comestible. 

En el pescado fresco casi todas las vitaminas se encuentran en la parte comestible, aunque k concentraci6n varia con k cspecie. En 
general* casi todas las vitaminas liposolubtes no se pterden en cantidades sensibtes durante k ekboraci6n ; pero durante d almacenamien to los 

125 



Fish in Nutrition: Lipids and Vitamins 



produetot iaUdot o conpiados ptodtin muchas por causa de la oxidaddn; cl erapteo de antioxidantca muy cficaz para cvitarlo, a menc* 
quc d pacado conteaga mucbo aeefte, en cuyo case el cmpioo de antioxidantes puede, en ocasiones, ser antteconbmico. 

Las vitaminai dtl peacado aotoblet en agua pueden perderse algunas veces por desoomposici6n al cakntar o por cxtracc*6n con 
agua o una soloot6n de sal. Sin embargo, ae poede aprovechar etta caracteristica para reforzar el valor nutritive de lot solubles de pescado 
como piensos para los animates don&ticos, rccogicndo el mayor niimero factiblc de vitaminas hidrosolubles a partir de las material priroas. 

En d Jap6n que es el pais del mundo donde se consume mas pescado, se conooeainiidiosprooedimientosparaelaborarioeinteresan 
mucfao los cambios bioquimicos de vitaininas y minerales causados por la elaboracWm. Algunos de los estudios realizados hasta ahora de lot 
factores de la elaboration causantes de los cambios de estos etomentos nutritives del pescado se describen en esta oomimkad6n. 



IN Japan the consumption of fish as a source of protein 
supply is probably the highest in the world. Annual 
total fish landings in Japan lead world fish production ; 
those for the years 1953-59 are shown in Fig. 1 (1). In 
order to secure a maximum utilization for human con- 
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Fig. L Yearly total catches excluding whale. 

sumption, these catches are processed in innumerable 
ways, as shown in Fig. 2, which also gives annual 
production. Except for salted fish and boiled-dried fish, 
most of these products are manufactured after removing 
the head, fins, viscera, bones and scales. The amounts of 
vitamins and minerals contained in the processed food 
vary according to processing techniques. The present 
paper deals with: (i) difference in vitamin content in 
different anatomical parts and species; (ii) loss of vita- 
mins due to processing, and preventive measures; and 
(iii) mineral content in various fishes. 

of fish as raw material for processed 
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In processing fish into food, the first step is to divide an 
individual fish body into an edible and a non-edible part. 



Fig. 2. Production of processed marine products for marketing. 

Since the amounts of vitamins contained in the tissues of 
fish vary from part to part, it is not feasible to compute 
the amount of vitamins simply by the weight ratio 
between the edible and the non-edible part. Of the non- 
edible portions offish the viscera usually contain vitamins 
at a much higher level than the muscle, though there are 
exceptional cases depending on kind of vitamins as well as 
the species of fish. 

1.1. Vtaunfe A and D. In a majority of species, larger 
portions of vitamin A and D are found accumulated in 
the visceraparticularly the liver than in any other part 
of the body (2), In a few cases, however (i.e. lamprey, eel, 
conger eel) the flesh contains a significant portion of total 
vitamin A in the body (3, 4). Table I indicates the 
distributive ratio of vitamin A between the flesh and the 
viscera of these species and of average fish, taking dog 
salmon and skipjack as examples. Therefore, when the 
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TABLE I 
A 



Species 

Dog salmon 
Skipjack 
Lamprey 
Ed 
Conger eel 



Flesh (%) Viscera (%) 

7 93 

1 99 

38 62 

81 19 

77 23 



viscera are discarded, as is the usual practice when 
processing, very little vitamin A remains in the edible 
portion. However, the lamprey, eel and conger eel con- 
tain more vitamin A in the flesh than in the viscera, and 
at a high level (Table II). It is possible for man to take a 
considerable amount of vitamin A by using these species 
as food. In fact, the Japanese have appreciated these fish 

TABLE II 
Vitamin A content in flesh of vitamin A rich species 



Species 

Lamprey 
Eel 



Vitamin A Content 
(LU. per 100 g. of flesh) 

14,000-63,000 
1,000-12,800 
1,000-2,000 



as a kind of tonic food for hundreds of years. The 
cooking process for eel and lamprey is perhaps unique to 
Japan. After the fish are cut open, the viscera and verte- 
bra are removed. The flesh is skewed on bamboo sticks 
broiled over a charcoal fire, and served with a special 
condiment. In the case of the eel, the viscera are also 
broiled in .a similar manner or cooked into a soup. Thus 
almost all vitamin A contained in the eel is utilized as 
food. Lamprey flesh contains more vitamin A than any 
other species, though the quantitative ratio of vitamin A 
in the flesh to the total amount in the body is lower than 
in the eel, because of a markedly large amount of vitamin 
A contained in the alimentary canals of the lamprey (S). 

Some species of sharks contain abundant vitamin A in 
their flesh. In the dog-fish, for instance, the level is 1,000- 
3,000 I.U. and in the deep sea shark (Heteroscymnus 
longus) 5,700-27,000 I.U. per 100 g. of flesh. How- 
ever, the ratio of vitamin A in the flesh to the total amount 
of the body is insignificant, because of markedly rich 
vitamin A contained in the liver. 

In tunas, vitamin A content is high in the viscera, but 
low in the flesh. Particularly the white meat of tunas 
presents vitamin A as low as a few fractions of the con- 
tent in the dark meat (6). It should be noted, therefore, 
that a very limited amount of vitamin A is utilized in 
most canned products based on frozen yellowfin or skip- 
jack, since the dark meat as well as the viscera, heads, 
bones and fins are discarded. 

As in the case of vitamin A, the fish liver usually con- 
tains vitamin D at a high concentration, but the flesh not 
so much. The vitamin D content in the flesh is dependent 
on the species of fish. For instance, the yellow tail and 



flatfish contain vitamin D in the flesh but at low level, 
while the sardine, saury and mackerel have it at a fairly 
high level (7, 8). 

1.2. Water-ioliible vitamins. Some important members 
of water-soluble vitamins which exist in fish include 
vitamin B l9 B t , B*, niacin, folic acid, pantothenic acid 
and vitamin C. Their distribution in the tissues offish is 
entirely different from the distributive pattern of vitamin 
A and D. These water-soluble vitamins, though they are 
appreciably contained in the viscera (particularly the 
liver, pyloric appendages and kidney), do not show 
quantitative discrepancy so remarkably as do vitamin A 
and D. Therefore, more than one half of the total amount 
of water-soluble vitamins in the body of fish are accumu- 
lated in the flesh (9, 10, 11, 12, 13, 14, IS). 

In some processing operations, dark meat is separated 
as inedible from white meat because of the obnoxious 
smell. Nevertheless, we must remember that dark 
meat is appreciably more water-soluble than white 
meat. Take the mackerel, jack mackerel, and skipjack 
for instance. In Table III the quantitative comparison of 



TABLE III 



Confetti of 



vitamins fn flert 



Species 


Part of 
Flesh 


fi 

y/s. 


* 

ylg- 




y/r- 


*i. 

ylioog. 


P.A. F.A. Niacin 
ylg.yllOQg.mg.llOOg. 


Mackerel 


White 
Dark 


0-8 

8-8 


0-3 
2-8 


14 
10 


0-9 
8-0 


1*6 
16 


1*9 
5-8 


21*4 
19-8 


Hone 
mackerel 


White 
Dark 


1-5 
3-3 


0-8 

7-8 


_ 


0-3 

7-8 





_ 


_ 


Skipjack 


White 
Dark 


0-6 
5-2 


0-3 
6-9 


10*5 
9*0 


2-5 
16-5 








24-5 
12-2 


P. A.: Pantothenic acid 


F.A.: 


Folic acid 



water-soluble vitamin between the white meat and the 
dark meat of these fishes reveals that there are two groups 
of vitamin: one including vitamin B l9 B 2 , B ia , pantothenic 
acid and folic acid; the other, vitamin B 6 and niacin. The 
former group occurs much more plentifully in the dark 
meat than in the white meat, while the latter is contained 
in the dark meat at nearly the same level as in the white 



Species 
Flatfish 

Starry flounder 
Yellowfin tuna 



TABLE IV 

Riboflavin content in skin 
Part of skin 

. Eyed side 
Bund side 

. Eyed side 
Blind side 



B t content (ylg.) 

65-3 
1-04 

22-3 
0-85 

11-65 



Albacore . 


. Dorsal side 
Ventral side 


133-9 
59-3 


Mackerel . 


. Dorsal side 
Ventral side 


12-0 
3-1 
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meat. In the processing operation, therefore, the removal 
of the dark meat would result in a substantial loss of the 
first group of vitamins; but it loses the latter group 
members only in the weight ratio of the dark meat to the 
white. 

An appreciable amount of vitamin B a is contained in 
the skin of the fish, particularly black skin on the dorsal 
side or the eyed side on the case of flatfish (16). The skin 
of tunas is very seldom used for food though it is rich in 
vitamin B t content (Table IV) (17). 

2. Lw of vitamins due IP processing operations 

In the preceding section an account has been given of the 
quantitative ratios of vitamin members that are discarded 
along with inedible parts at the first stage of processing. 
Destruction of vitamins which takes place in the edible 
portion of fish in further courses of processing varies in 
rate depending on the processing technique employed. A 
description will now be given of the vitaminological 
aspects for some representative forms of Japanese fish 
products. 

2.L Canned flab* Vitamin Bj and vitamin C contained 
in fish material are destroyed to a substantial extent 
during canning. Even the process of sterilization nor- 
mally used in the industry is responsible for the destruc- 
tion. However, the other vitamins are left nearly intact 
at this stage of the canning process (Table V) (18). The 
amounts of vitamin A and D contained in canned fish are 
very often found at a level markedly lower than in fresh 
fish. Nevertheless, these cases are attributable to the 
destruction which takes place during a cold storage period 
of the products rather than to the pressure sterilization 
applied. A serious problem met in the canning process of 
tunas is the occasional occurrence of blue meat, which 
depreciates the market value of the product. It has been 



known that blue meat occurs when the raw material 
contains vitamin Be and B lt and phosphorus in abnormal 
proportions to other nutritive components (19). A 
suggestion is to supplement vitamin C and niacin to raw 
material at the packing stage. Addition of these members 
inhibits occurrence of blue meat in canned tunas and 
enriches the vitamin content to some extent (20) Use of 
vitamin C and niacin along with phosphate is markedly 
effective for preventing the brown discoloration that 
occasionally takes place in canned whale meat based on 
the salted material. 

2.2. Simple dried fish. More than 5,000 metric tons of 
fish are processed into simple dried form, the major 
species offish used being the sardine, cod, Alaska pollack 
and squid. In the latter three species low oil content 
precludes such a serious oxidation of the oil as might 
impair the quality of the product and thus affect the 
market value. In the sardine, however, discoloration of 
the products occurs on account of oxidation of the 
abundant oil contained in the raw material. These 
simple dried fish products contain a considerable amount 
of water-soluble vitamins, but little or no vitamin A. The 
lamprey has been in use for filling the vitamin A defi- 
ciency. For that purpose a round fish is simply dried in 
the shade for some days. Often the dried lamprey is 
stored for months. Yet a large amount of vitamin A 
still remains in the product (4). In samples of dried 
lamprey brought to the author's laboratory, the oil 
content was measured at levels of 30-50 per cent, with 
the vitamin A concentration in the oil at 770-6,300 1.U./g. 

2.3. Boiled and dried fish. Important raw material for 
boiled and dried fish include sardine, mackerel and jack 
mackerel. They are boiled round in water and then dried 
in the sun. As an important seasoning for soup or sauce, 
the products of small-sized fish are used whole, and 



TABLE V 
Change of B-yitamins in tuna 



Raw meat 
HOOg. 



Thiamine (y) 114 



Riboflavin (y) 56 



Niacin (ing.) 15*9 



0-7 



Steamed 

meat 

HOOg. 

76 



54 



15-8 



0-7 



Retention 

during 

steaming 



60-1 



87-6 



89*6 



93-3 



Storage 

period 

(months) 


1 
3 
6 


1 
3 
6 


1 
3 
6 


1 
3 
6 



Canned product 



/can 


IJOOg. 


61 


30 


64 


31 


55 


26 


51 


24 


86 


41 


83 


40 


86 


42 


87 


42 


25*3 


12-2 


25-7 


12-8 


26*0 


12-5 


27*5 


13-2 


1*2 


0*6 


M 


0*5 


1*3 


0-6 


1*2 


0-6 



Retention 

during 

pressure 

sterilization 

48-8 
50-6 
43-9 
40-3 

96-4 
93-5 
97-4 
98*0 

97-0 
102-4 

99*5 
105-4 

103*0 
100*4 
111*8 
104-1 



Retention 
during 
whole 

procedure 

29*3 
30-4 
26-4 
24-2 

84*4 
81*9 
85*3 
85-8 

86*9 
91*8 
89-2 
94-4 

96*1 

93*7 

1<M*3 

97-0 
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large-sized ones in sliced form. Some portions of water- 
soluble vitamins are dissolved at the stage of boiling, and 
nearly all fat-soluble vitamins are lost due to oxidation 
during drying and storage. For the purpose of minimizing 
the oxidation, some kinds of antioxidant have been used 
in Japan for about ten years. They are, for instance, 
butylated hydroxyanisol, dibutyl hydroxytoluene. 

Dried strips of skipjack are called "Katsuo-bushi". 
Although they may be also regarded as a kind of boiled 
and dried product used for seasoning, a more deliberate 
procedure is required for processing. After boiling and 
smouldering, the material is subjected several times to 
moulding. At the stage of boiling, a large quantity of 
water-soluble vitamins is removed from the flesh into the 
cooked liquid, which is sometimes prepared by evapora- 
tion into a condensed extract and served as seasoning. 
Recently efforts have been made to utilize the material 
which contains oil at a level higher than normally allow- 
able for processing them into boiled and dried fish or 
dried strips of skipjack as seasoning. For this purpose, 
the oil is extracted with hexane. The material thus 
treated is subjected to boiling or steaming, and then dry- 
ing. This technique is now at an experimental stage. 

2.4. Salted or smoked fish. As elsewhere, salted fish 
are marketed with or without drying. To this end, either 
brine salting or dry salting is the usual practice. But 
destruction of water-soluble vitamins in these processes is 
inevitable, while later loss of fat-soluble components by 
oxidation occurs during storage. As in boiled-dried fish, 
the use of antioxidant has been introduced to some extent. 

In the case of smoked fish, impairment of the water- 
soluble vitamins to some extent is also an unavoidable 
consequence of brine salting. However, smoking is fairly 
effective for precluding oxidation of lipids in the products. 

2.5. Fish jelly products and fish sausage. The various 
types of fish jelly products in Japan may attract the 
person interested in fish as food (Fig. 2). Important types 
of fish jelly products include "chikuwa", "kamaboko", 
"hampen" and fish sausage. They are prepared by making 
use of characteristic behaviors of myosin contained in the 
fish meat. In preparation, the meat washed with water is 
kneaded with salt (about 3 per cent by weight). It is then 
shaped into various forms, and steamed or fried in 
vegetable oil according to the type of product required. 
The products are of jelly-like consistency. In the early 
stage of manufacture, water-soluble vitamins are washed 
away. Furthermore, in cases of "hampen", "chikuwa" 
and "kamaboko", fat-soluble vitamins retained till a 
final stage are almost entirely destroyed by bleaching 
with hydrogen peroxide, as practised for commercial 
reasons. It has been strongly recommended not to use 
the bleacher in these products. 

Fish sausage, the latest type of fish jelly product, was 
introduced to the Japanese in the early 1950s. Although 
the processing technique is based on an idea modified 
from that of "kamaboko" or similar products, there are 
many reasons which induce a wide range of consumers to 
prefer this product to the others. The production of fish 



sausage, which has increased year by year, now reaches 
about 80,000 metric tons a year, leaving the old-fashioned 
products far behind. In a factory, the material, pre- 
pared with a few modifications from usual procedures 
for fish jelly products, is stuffed into a casing of water- 
and-oil-repellent synthetic film, such as rubber hydro- 
chloride or vinyliden chloride. Then it is twice cooked at 
about 85-100C, first for an hour and then for 1 minute 
after cooling. A finished piece of the product weighs 
120-150 g. Usually they can be stored at room 
temperature for about 1 month, a much longer shelf life 
than for other fish jelly products. Since additives of fat- 
soluble vitamins into the fish sausage are hardly decom- 
posed by cooking, it is recommended that the products 
be enriched with vitamin A at 3,000 1.U. per piece. 

Use of protein curd as additive was first suggested 
about 1958 for manufacturing some fish jelly products. 
The protein curd now in use is prepared from soy bean 
flour defatted at a low temperature. Production of fish 
jelly products prepared in this way is increasing, because 
they not only taste good but have an advantage in pre- 
cluding oxidation of the product. 

2.6. Fermented fish products. To the Japanese, fer- 
mented fish products are most familiar by the name 
"shiokara". Taken along with rice wine, these indigenous 
forms of food have been appreciated as appetizers over 
the centuries. They are prepared by mixing 15-30 per 
cent of salt with the viscera of fish such as the stomach, 
intestine, pyloric appendages, liver and kidney. In the 
case of the squid, which is an important material for a 
specific type of product, the sliced meat of the trunk and 
tentacles is also used together with the liver. In proces- 
sing, water-soluble vitamins do not decrease so notably 
from the initial levels contained in visceral materials 
as do fat-soluble members. Nutritive components of 
some of the major fermented fish products in Japan are 
shown in Table VI. 

2.7. Fish meal and fish solubles. In Japan both fish 
meal and fish solubles are produced in large quantities; 
a major portion of these is used as food for domestic 
animals. Until the early 1930s, an attempt to use fish 
meal for human consumption in some way or other had 
been greatly encouraged. Later, however, the food 
preference particular to the Japanese made it difficult to 
find any way of utilizing a large amount of fish meal as 
human food. In the years around 1945, another tech- 
nique was proposed, to process fish meal into a kind of 
paste by moulding the material and fermenting it 
together with salt and water. It has been confirmed that 
moulding intended for removal of fat induces ergosterol 
to form in the fish meal material which did not contain it 
initially (21). Fish paste could be industrialized, but for 
the fish production cost and the limited daily consumption 
to be expected. 

Since material for fish meal undergoes steaming, 
pressing and drying, both fat-soluble and water-soluble 
vitamins are separated into waste water. The rate at 
which water-soluble vitamins are removed in processing 
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TABUB VI 



Ikashhkara 





Katsuo shiokara 


(Viscera and 


Konowata 


Ami shiokara 




(Viscera of 
skipjack) 


meat slices of 
squid) 


(Viscera of 
sea cucumber) 


(Mystsof 
Crustacea) 


Moisture % 


62*5 


67-3 


n*5 


55-3 


Crude protein % 


12-8 


14-6 


9-8 


12*2 


Crude fat % 
Grade ash % 


2*20 
21-9 


0-99 
16*0 


1-27 
12*4 


0-33 
32*1 


Minerals 










NaCl% 


20*5 


11-7 


10-3 


29-2 


Camg.% 


178 


82 


85 


312 


Pmg.% 


171 


279 


168 


267 


Femg. % 


3-0 


2*5 


3-6 


2-8 


Wombs 










A I.U./100 g. 
Can/100 g. 


130 


100 


90 
60 


20 


B./100 g. 


2*6 


2*6 


5-29 


0-97 


B lf /100 g. 
RA./lOOg. 


0-56 

3-5 


0-98 
3*18 


12-5 
11-3 


4*22 
8-0 


F.A./100 g. 


37-5 


7-0 


43*8 


14-73 




Car.: Carotene. P. A.: 


Pantothcnic acid. 


F.A.: Foiicacid. 





operations varies according to freshness of raw material 
AS well as the kind of vitamins contained. Even in a 
normally acceptable quality of material for fish meal, such 
vitamins as B l9 B a and C are hardly left in the finished 
product, while other members, including B 6 , B 18 , panto- 



thenic acid and folic acid, remain there in great amounts. 
Table VII indicates levels of some of the nutritive com- 
ponents in fish meal and solubles assessed at the author's 
laboratory. 



Raw material 

Moisture % . 
Crude fat % . 
Crude protein % 
Crude ash % . 

Minerals 



TABLE vn 

of fish meals and! 

Fish meal 
(a) (b) (b) (c) 

7-1 11-8 12*0 11-9 

4*8 6*9 8*1 13*1 

66*5 544 53-2 56-1 

16*9 23*8 21*7 14*1 



41*8 
7-7 

44-9 
3-4 



Fish soluble 

(*) (/) (g) 

40-4 40-7 42-6 

11*2 6*6 4-1 

38-2 41*6 38-8 

4*6 10*1 10*8 



Ca mg. % 3280 
Pmg.% 3560 


7660 
3725 


6770 
3910 


4540 
2135 


27-3 
508 


654 
768 


35-2 
883 


29-8 
871 


Fe mg. % 23*0 


76-8 


45-5 


, 44.5 


44-8 


24-7 


18-7 


20*9 


Kmg.% 


_ 


_. 


. 


20-0 


22-5 


76-2 


__ 


Namg/fc 











96 


136 


280 





Vitamins 
















A LU./g. 8-8 


2-4 


3*0 


34 


271 


436 


33 


3 


Bi/g. . 






0-5 


7-6 


2*0 


0*8 


0-07 


0-04 





54 


B./g. . 






2-3 


7-5 


4-1 


3-3 


5-6 


6-7 


34 


11*3 


Nwdn mg./l( 


X)g. 




7-2 


1-8 


2-3 


14 


6-6 

14-7 


1*6 
11-3 


13-0 
27-1 


150 
50*0 


P.A./g.. 






6-0 


64 


*6 


*3 


25-5 


24-5 


15-0 


49-5 


RA./100 g. 






12 


25 


88 


42 





_ 


... 





Biotra/lOOg. 









. 


__ 


__ 


80 


216 


56 


43 


Bit/100 g. 4-8 


7-5 


54 


HO 


20*0 


20*0 


16*0 


25*0 



Note : 

(0) Flatfish, cod and Alaska pollack 

S) Alaska pollack waste. 

(c) Miscellaneous fish. 

(a) Tuna viscera. 

(t) Alaska pollack and Atka mackerel flesh mixod with viscera. 



(/) Cuttlefish, saury, Alaska pollack and salmon flesh mixed with 

viscera. 

(/) Cooked liquor of skipjack flesh* 
P. A. Pantothenicadd. 

Folk add 



130 



Effect of Processing on Vitamins and Minerals 



3. Lots ofi 

Fish offer nearly every kind of mineral for man's nutri- 
tive requirements. For the Japanese, however, Ca, P and 
Fe are more important members than the others from 
the nutritive viewpoint. Particularly, the amount of 
calcium contained in fish does much to supplement its 
deficiency, often criticized in comparison with the phos- 
phorus content, in the daily food of the nation. Table 
VUI has been prepared to indicate the major mineral 



Mineral 



TABLE VIII 
in edible part of fish i 



Contents of minerals mg./IOO g. 



Species Ca P Fe 


Yellowfin tuna 






2 250 1 


Mackerel 








5 190 1-8 


Cod 










9 160 0*4 


Sardine 










50 240 2 


Saury 










22 190 3 


Pond sm 


elt 








750 680 5 


Mysis 










210 290 11 


dam 










60 90 13 


Oyster 










40 140 8 


Shrimp 










275 400 4 



contents in the edible parts offish. Evidently large-sized 
fish, the head, bones and skin of which are removed at an 
early stage of processing, do not offer the minerals in 
their edible portion so abundantly as do small-sized fisti, 
crustacean and mollusc. However, some workers are 
doubtful as to whether or not Ca contained in the shells 
of crustacean can be efficiently utilized for nutritive pur- 
poses. It is certainly without reason that some of these 
minor species of aquatic animals are processed into a 
form of Japanese food called "tsukudani". Except a few 
species of shellfish, these tiny fish, shrimp and mysis, are 
used round, without removing any part of the body, for 
a type of "tsukudani". They are boiled down together 
with soy bean sauce, sugar and some other seasoning. 



Species used 

Cod. 
Goby 
Pond smelt 
Ammodytcs 
Skipjack . 

dam 
Mysis 



TABLE IX 

Mineral content of "Tfokwlani" 

Form of product Ca P Fe Ca/P 

Dembu* 260 120 5-5 2-8 

Ordinary tsukudani 610 860 0-5 0-7 

Ordinary tsukudani 400 720 5-9 0-6 

Ordinary tsukudani 328 258 5*6 1-3 

Kakuni' 72 170 7 0*4 

Ordinary tsukudani 220 280 13-6 0*8 

Ordinary tsukudani 990 260 20 3-8 



1 Fish meat fiber boiled with soy bean sauce, sugar, mirin and water. 
* Meat boiled, lightly smouldered and cut into dices, then boiled 
again in soy bean sauce and sugar. 



'Tsukudani" based on sea food is rich in mineral content 
as shown in Table DC, and a great deal, covering many 
varieties, is consumed all over Japan. It should be added 
that, when these minor species of fish are processed into 
food, attention must be paid, not only to assuring the 
quantity of Ca and P in the product, but also to properly 
controlling a quantitative rate between both minerals. 
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B-VITAMINS IN FISH AND SHELLFISH 

by 
OLAF R. BRAEKKAN 

B-vitamins in fresh meat of fish and shellfish are here reviewed. The reliability of values reported in the literature, in relation to 
methods of sampling and analysis, is generally discussed. For the B-vitamins thiamine, riboflavin, niacin, vitamin B w , vitamin B f , panto- 
thenic acid and biotin, min.-max. values from different studies are summarized. When the available data seemed to justify conclusions with 
regard to correct averages, such values are given. 

Compared with meat, fish and shellfish are found to be good dietary sources of B-vitamins. Thiamine, riboflavin and pantothenic 
acid are usually present in less concentration than in common meat. Lean fish and shellfish show relatively moderate values for niacin, while 
most other species may be considered good or even rich sources of this vitamin. Fish is a good source of vitamin B u ; the fat fish and the 
molluscs are very rich sources. Studies made to date show fish to be good sources for vitamin B, and biotin. 

LES VITAMINES B DANS LES POISSONS, COQUILLAGES ET CRUSTACES 

On a consid&6 les vitamines B dans la chair fralchc dc poisson, de coquillagc et de crustact. On a comment^ d'une fagon gn6rale 
la confiance qu'on peut avoir dans les valcurs prsentes dans la literature, en fonction des methodes d'6chantillonnage et d'analyse. On a 
nteumt d'apris diif&entes 6tudes les valcurs minimum et maximum pour les vitamines B: thiamine, riboflavine, niacine, vitamine B ia , vitamine 
fit, acide pantothfoique et biotine. Quand les donnees disponibles ont paru justifier les conclusions sur la correction des moyennes, on a 
donnt ces valeurs. 

Compares & la viande, les poissons, coquillages et crustac6s se sont rcvdlcs 6tre de bonnes sources di6t6tiques en vitamines B, La 
thiamine, la riboflavine et 1'acide panthot6nique sont habitucllement presents sous des concentrations moindres que dans la viande courantc. 
Le poisson maigre et les coquillages et crustacts ont montrg des teneurs mcxttrtes en niacine, alors que la plupart des autrcs espfcces peuvent 
dtre consid6r6es comme sources bonnes ou mme riches de cette vitamine. Le poisson est une bonne source de vitamine B 18 , dont les poissons 
gras et les mollusques se prescntcnt comme de riches sources. Les dtudes ont montrg jusqu'ici que le poisson 6tait une bonne source en vita- 
mine B et en biotine. 

LAS V1TAMINAS B EN PESCADO Y MARISCOS 

Se nan hecho estudios del contcnido de vitaminas B en la came fresca de pescado y mariscos. Se hace un examcn general de la 
seguridad de los Indices comunicados en la literature cientifica con respecto a los mtodos de muestrco y anAlisis. 

Para las vitaminas B tiamina, riboflavin, niacina, vitamina B lf , vitamina B,, acido pantptenico y biotina se resumen los valorcs mlni- 
mos y maximos de diversos estudios. Cuando los datos disponibles parecen justificar conclusiones relativas a promedios correctos, se dan 
tales indices. 

En compaction con la carne, el pescado y los mariscos son buenas fuentes de vitaminas B. Tiarnina, riboflavina y dcido pantot^nico 
cstan presentes en general en concentraciones mas bajas que en la carne. El pescado magro y los mariscos muestran indices relatiyamente 
moderados de niacina, mientras que casi todas las dcmas especies pueden considerarse como fuentes buenas y aun excelentes de esta vitamina. 
El pescado es una buena fuente de vitamina BU y aun el graso y los moluscos son fuentes muy ricas. Los estudios rcalizados hasta ahora 
demuestran que el pescado es una buena fuente de vitamina B y biotina. 



THE rapid expansion of vitamin research has not 
only given information with regard to human 
requirements of many of the known vitamins, but 
also the relation of the requirement to the composition 
and caloric value of the diet. To ensure an adequate 
supply, not only of the basic food such as protein, fat and 
carbohydrates, but also of the so-called "protective 
factors" such as vitamins, it is necessary to have trust- 
worthy tables of the vitamin content of different foods. 
Many tables have been published in different countries to 
meet this demand. FAO has also tried to help fill this 
demand, and issued in 1954 Food Composition Tables- 
Minerals and Vitamins, prepared by Chatfield (1). 

With regard to the vitamin content of fish, values 
reported in the literature are still insufficient, and many 
more studies are needed to complete the gaps in our 
knowledge and to verify values reported in the literature. 
Contrary to the produce of husbandry and agriculture, 
the fisheries give very varying harvest in different areas of 



the oceans. The number of species which are utilized are 
very large, and confusion with regard to names and 
species is very frequent. Thus vitamin studies in fish have 
too often emphasized the analysis and omitted a clear 
definition of the samples (i.e. the species of fish, number 
of fishes, fishing places, etc.). This makes it difficult to 
compile and review some of the results in the literature. 
Generally, only species marketed in countries with some- 
what advanced research in the field of vitamins have 
been analysed for the most important factors. For- 
tunately, this research is now being made in areas not yet 
covered by such studies. The importance of sampling 
and recording of the species in these studies can not be 
over-emphasized. The problem of the many species 
utilized in different parts of the world makes it difficult to 
concentrate the data without the risk of discrimination. 
Ktthnau (2) and Love, Lovern and Jones (3) have com- 
piled vitamin values for fish. Their tables have been of 
very great value for the preparation of this review. They 
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reported the single results and tabulated the species in 
alphabetical order. In this review a different approach 
has been made. Based on the FAO Yearbook of Fisheries 
Statistics (4) the fishes have been treated in main groups 
of species. The two groups, crustaceans and molluscs, 
have been combined. The group of aquatic plants was 
considered outside the scope of this report. Within each 
main group, the families and species have been reported 
alphabetically. Attempts have been made to consider 
mainly species of nutritional importance in which at least 
3 B-vitamins have been analysed. The tables report 
min.-max. values above the line, while average values 
(which the present author considers fairly representative) 
are recorded under the lines. It must be emphasized that 
these are not always average values from the findings 
reported in the literature, but represent values reached by 
total consideration of all studies related to, respectively, 
the species and the vitamin in question. 

Before the values reported in the tables are discussed, 
it is necessary to consider a few points with regard to the 
values as related to methods of analyses and the type of 
muscles in fishes. Vitamin determinations in fish and fish 
products have been carried out for as many years as such 
studies have been performed on. food. During these 
periods the methods employed for the determination of 
the different B-vitamins have changed considerably. 
Animal assays based on vitamin-deficient diets and 
supplementation of standard and samples are unfortu- 
nately expensive, and often very "difficult to perform with 
sufficient precision. It may, however, be pointed out that 
they are important in determining the availability of the 
vitamins to animals. Chemical methods with fairly good 
specificity and precision have been introduced for 
several B-vitamins. Their main disadvantage is the 
frequent need for isolation of the vitamins, which may be 
a problem for certain products where related substances 
may disturb. The introduction of microbiological 
methods overcame this problem in most instances; but it 
may be pointed out that the different extraction methods 
employed may, as for the chemical methods, not be 
representative for the utilization of the vitamin in animals. 
The further studies of these methods have pointed to the 
necessity of a careful consideration of the specificity of 
the nutritional need of the micro-organism employed. 
The classic example is the studies of the vitamin B 6 - 
content of food, employing different organisms, which 
lead to the discovery by Snell et al. (5, 6) of the vitamin 
B fl -group consisting of pyridoxine, pyridoxal and pyri- 
doxamine, which are all equally utilized by animals. 

Fish and fish products are most important sources of 
vitamin B llf which is so important in animal feeding. 
The specificity, or lack of such, for the different organisms 
employed in the assay of this vitamin is much discussed. 
It may be pointed out that the methods employing 
Lactobacillus leichmannii, frequently used in studies on 
fish, seems sufficiently specific for this type of sample. 

Thus Braekkan et al. (73) found a direct relationship 
between the microbiological determination of vitamin 



B 12 in herring meal and a fermentation product, and the 
corresponding values for the liver-storage in chicks and 
rats. Folic acid has been analysed in a few fish and fish 
products (7, 8, 9). The specificity of this test has lately 
been challenged, and the method renounced for official 
use (10). For this reason values for this vitamin have been 
completely omitted in the present review. 

The dark muscle in fish is usually a superficial lateral 
muscle; in some species it is also a deep-seated muscle, 
and in some sharks it is only deep-seated. It has a greatly 
differing composition compared with the ordinary muscle, 
and has vitamin values similar to those in the liver. It has 
been suggested that it has no contractile function, but 
rather that of an organ (11). Although the amount of 
dark muscle is often limited, it can form as much as 24 
per cent of the total musculature (12). When it is con- 
sidered that B-vitamin values are more than ten times 
higher in the dark than in the ordinary muscle, the 
importance of the sampling and the homogenization of 
the samples cannot be emphasized enough. Probably 
many of the variations observed for vitamins in the 
literature are a direct result of ignorance on this point in 
earlier studies. 

It may further be pointed out that the values in the 
present review refer to the uncooked edible part of the 
fish, i.e. the meat as it is used for processing either in the 
home or in industry. Data for B-vitamins in fish as ready- 
prepared food would be desirable; but the different 
processing methods, among others the addition of other 
foods, make proper evaluation difficult. Ingalls et al. (22) 
found the losses of niacin, riboflavin and thiamine in 
cooking depended on the temperature and the thickness 
of the sample. More vitamins were retained in baked fish 
than in pan-fried fish. Riboflavin retention was higher in 
pan-fried fish than for the two other vitamins studied. 
They also pointed out a loss of SO per cent of each vitamin 
when the fish was fried in deep fat. These problems need 
further study before final conclusions can be drawn. 
Generally the protein of the fish coagulates during pro- 
cessing in such a way as to hinder extensive extraction 
of B-vitamins. If not cooked too long, and if not too 
much water is used, the values for cooked fish will corres- 
pond fairly well with the values reported for fresh fish (42). 

In Table I are summarized values for B-vitamins in 
fresh water fishes. Although the world catch amounts to 
approximately IS per cent of the world grand total, only 
limited efforts seem to have been made to determine their 
vitamin content. Thus China (Mainland), Africa, 
Indonesia and U.S.S.R. catch more than half of the grand 
total, though few studies from these areas are reported in 
current literature or abstracts. Only two species in this 
group seem to have been fairly extensively studied; eels 
(AnguUla spp.) and the carp (Cyprtnus carpio). The values 
for eel show this fish to be a good source of B-vitamins. 
For thiamine in carp the value is put between 0-0-1 /ig./g. 
These results are in agreement with the well-known 
occurrence of thiaminase in many fresh-water fishes. 
Thus Deutsch and Hasler (27) found thiaminase in IS of 
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TABLE I 
B-rtanfctt In fr*bwater flsfcet 











Pantothenic 




Thiamine 


Riboflavin 


Mfcttfo Vitamin B lt Vitamin t 


acid 


Specif? 


ug-lt- 


fit'lt* 


;<*/* W./T. **/* 


fig./g. References 


ANOUILUDAE 










Eel 


1-3-2-0 


0-4-4-6 


33-41 0-006-0-03 2-0-3-6 


0-9-2-4 (13-21) 


Anguilla spp. 


15 


2-0 


35 0*01 ~TB 


i-3 


CATOOTOMIDAE 










Sucker 


0-0-04 




10-15 


(22,23) 


Catostomls commersonU 


0-05 




TFT 




CORiGONIDAE 










Great Lake Whitefish 


1-2-1-6 


1-1-1-3 


27-33 


(23) 


Coregonus cluptformis 


TT" 


12 






CYPUNIDAE 










Carp 


0-0-1 


0-35-0-45 


10-20 0-002 


1-0-2-0 (13, 22-26) 


CypHnus carph 


_ - 


0*4 


"""IT" 


1-5 


ESCOCIDAE 










Pike 


0-9 


0-7 


17 


(15) 


Esox lucius 


*^**" 








PERODAE 










Yellow perch 


0-6 0-04 


1-7 0-15 


17-8 0-8 


(22) 


Perca flavescens 










Yellow pike 


2-5 0-2 


1-6 0-6 


23 2 


(22) 


Stizostedion vitrum vitrum 











TABLE II 

B-vitamins In salmons, trouts, smelts, etc. 

Pantothenic 





Thiamine 


Riboflavin 


Niacin 


Vitamin 1S 


Vitamin , 


ac/W 


Biotin 


Species 


ug./g. 


fig./g.- 


vs-ls- 


fif-lf- 


W-lg- 


ug.lg. 


Ug.lg. References 


SALMONIDAE 
















Atlantic salmon 


1-4-2-4 


0-6-2-2 


54-88 


0*04 


6-0-9-8 


20-8 


0-048 (14-20, 34-38 


Salmo salar 


2^) 


1 iJ 


^fft 


TT53 


^.5 


TIT 


*"*""*^*" 


Chinook salmon 


0-9-1-1 


1-5-2-6 










(30, 3D 


Oncorhyncus 


"TIT 


J.J 












tshawytscha 
















Chum salmon 


0-8-0*9 


0-6-1-2 










(30-32, 88) 


O. keta 


"TIT 


"TIT 












Coho salmon 


0-8-0-9 


0-9-1-2 










(30, 31) 


O. kisutch 


J.Q 


J.Q 












Pink salmon 


1-4-1-5 


0-4-0-7 










(30, 31, 88) 


O. gorbusha 


^.J 


UT" 












Sockeye salmon 


1-3-1-5 


0-4-0-9 










(30, 31, 33) 


O. nerka 


HTT" 


"HT" 












Trout 


0-6-1-0 


0-5-2-7 


35-56 


0-05-0-06 


6*9 


15-9-23-3 


0-059 (14-16, 18-20, 


Salmo spp. 
Salvelinus spp. 


0*6-1*1 


0-4-1-4 


11-32 


"TRS5 

0-03 




35 


30-32, 34-39) 
(14, 22, 30-32) 




~TZT 


1<0 


"IT 1 " 












TABLE III 








B- vitamini in f 


loonder, halflwt, etc. 














Pantothenic 






Thiamine 


Riboflavin 


Niacin 


Vitamin B lt 


F//um//i B f 


add 


Biotin 


Species 


ugjg* 


pg'lff* 


Mf'/f* 


ugjg* 


Hg*/&* 


Hg'lg' 


ug./g. References 


PLEUmONECTDAE 
















Atlantic halibut 


0-3-1-2 


0-4-1-8 


30-110 


0*007-0-009 


1*1-5-5 


1-5-3-6 


0-027-0-08 (11, 14-17, 19, 


ffippoglossus 
nlppathssus 
Flounder 
Pleuronectes flesus 


0'3-6-6 


1-1-4*6 


20-43 


0*008 
0*01 


2-1-3-0 


Tr- 

11*0 

TT 


""THB 29-31, 36, 37, 
40,41) 
(15, 17-20. 38, 
41) 


Lemon sole 


0*9 


0*7-0*9 


26-43 


0-006-001 




2*5^4*2 


(38, 42, 89) 


P. microcephalus 


*""** 


^.g 




0*008 








Plaice 
P.platessa 


0*2^4*6 

-TIT 


0-9-3-3 

nnr 


21-106 


0-009-<K)11 

0-Oi 


1-6-3-1 


6-^11*2 


0*9 (16-20, 36*38, 
""" 41,43) 
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31 fresh water species, and none in 9 salt water species. 
Lieck and Aagren (28) found thiaminasc in 10 of 21 fresh 
water species, and in 1 of 9 salt water species. Although 
no taxonomic correlation is indicated, the highest con- 
centrations of thiaminasc have been found in species 
of the family Cyprinidae. 

In Table II are summarized values for B-vitamins in 
salmon, trout, smelt, etc. Pacific salmon make up 
approximately 70 per cent of this group (Oncorhyncus 
spp.). Sautier (30, 31) has investigated this species with 
regard to thiamine and riboflavin; but these studies seem, 
unfortunately, to be the only extensive work involving 
fresh fish. Henderson et al (94) investigated the pyri- 
doxine content of several meat products by the rat bio- 
assay. They reported 5-8 //g. vitamin B 6 per g. fresh 
salmon. Canned salmon, however, has been more 
extensively studied (44, 45), and the values reported 
show that it compared favourably with other protein 
foods as a source of B-vitamins. The result for Atlantic 
salmon, as well as for trout, show these species to be good 
sources of B-vitamins. The values for pantothenic acid 
and vitamin B 6 may be pointed out. 

In Table III are summarized values for flounder, 
halibut, etc. Relatively few species of this large group 
have been studied. Atlantic halibut, however, has been 
extensively investigated, and the average for these species 
should be reliable estimates. The flatfishes may be classi- 
fied as fairly good sources of B-vitamins. 

In Table IV are summarized values for cod, hake, 
haddock, etc. The North Atlantic species of this group 
have been fairly extensively studied. Usually, the gadus- 
fishes are considered as one type with common B-vitamin 
values. The data summarized in this review generally 
support such presentation; but it should be pointed out 
that the saithe (Gadus virens) clearly shows higher values 
for all B-vitamins so far studied in these species. To find 
out if a relation exists between the size of the fish and the 
vitamin content, Brackkan (38) analysed the muscle from 



19 cod weighing from 0*48 to 7*69 kg. No such relation 
could be observed, and the standard error of the mean 
showed very little variation for the B-vitamins studied. 
The following values were reported: riboflavin 0*85 
0-054, niacin 22*8 0-72, pantothenic acid 1*73 0*09, 
and vitamin B ia 0-011 0*00038 ^g. per g. In general, 
the meat from gadus-fishes is a fairly good source of 
B-vitamins. 

In Table V are summarized data for B-vitamins in 
herrings, sardines, anchovies, etc. Only a few species have 
been examined, and only herring (Clupea harengus) has 
been extensively studied by several investigators. Again 
the values for thiamine show great variation, and in some 
cases very low values. These results may be seen in 
relation to the findings of thiaminase in these species by 
Lieck and Aagren (28). Generally the species in this 
group are a good source of B-vitamins. 

In Table VI are summarized data for B-vitamins in 
tuna, bonito, mackerel, etc. Common mackerel (Scomber 
scombrus) has been investigated by several groups, and 
the values show this fish to be a very good source of 
B-vitamins. It may be noted that all species tabulated 
take into consideration the great relative variation of 
vitamin B 12 values. In the author's opinion, this is more 
a result of analytical differences than of such great 
differences between the species. When investigations of 
vitamin B is are reported, more details should be given 
with regard to the extraction method used, to make a 
proper judgment of the results possible. In general, 
mackerel yield large quantities of B-vitamins, and the 
values for niacin are especially high compared with other 
protein foods. 

In Table VII are reported values for mullet, jack, sea- 
bass, etc. This is by far the largest group in the FAO- 
statistics (4), but relatively few data are reported in the 
literature of B-vitamin studies. As might be expected 
from the composition of this group, the B-vitamin values 
show considerable variation. It is of interest to note the 



Species 
GADIDAE 
Cod (Atlantic) 
Gadus collar tas 



Thiamine 

W*lg* 

0-5-1-8 



Cod (Pacific) 
Gadus macn 
Cusk 



uphalus 



Brosme brosme 
Haddock 
Gadus aegiefinus 

Ling 
Molva molva " 

Pollack 

Gadus pollachius 
Saithe 

Gadiuvtrens 



0-9 



0-3-1-0 



1-0 



TABLE IV 

B-Titemlns In cod, hakes, haddocks, etc. 

Pantothenic 
Riboflavin Niacin Vitamin B lt Vitamin B< acid Biotin 



0*2-1*6 

TF5 

1*4-1-7 

TT- 

1*0-2*0 

IT- 

0-2-1-6 



0-6-1-0 

"TFT" 

0-9-1-3 



1-7-3-0 

-nr 



15-23 
TT 

27-28 
TJT 
31-44 

21-25 

16-20 

TT 
32-44 

TT" 


0-002-0-011 


1-2-2-8 

2-88 
1-22 
2-6 


0-01 
0-0009 
0-011-0-012 


0*01 
0*005-0-02 

6*61$ 

0*004-0*008 


0*006 
0*008-0022 


1*23 


0*01 
0*022-0*05 

64H 


4*73 



0-8-3-1 0-026 



References 

(14-20, 25-30, 
32, 33, 36, 37, 
43, 44, 52) 
(21, 30, 32) 

(16, 29, 36-38, 
41, 49) 

(14,29,33.36- 
38, 41, 49, 52) 
(16, 36-38, 49) 

(16, 36-38, 49) 

(16, 36-38. 49, 
51) 
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TABU V 



Thiamine Riboflavin 



Pantothenic 
Niacin Vitamin B l% Vitamin B^ acid Biotin 



Species 
CLUPQDAE 
Anchovy 
EngrauUs spp. 
Brisling, sprat 
Clupea sprattus 
Herring (Atlantic) 


0-05-0-07 
<H[ 

0-08-1-3 
(0-4) 

0-11-0-40 
0-07 


1-1-1-3 
TT" 

0-9-3-3 
1-8-2-7 

~3T- 

3-0 


w-lg. 

1L 
20-63 

74 


W.lg> M-lg- 
0-0033 1-75 
0-11 
0-08-0-14 3-5-5-2 

6-i TT" 

0-005-0-024 


/<*/* 

10-9 
9-3-9-7 

4-9-8-3 


ug./g. References 
(17-19, 32) 
(16) 
0-09-0-16 (14-20, 25, 35- 


Clupea harengus 

Herring (Pacific) 
Clupea palhssii 
Pilchard 
Sardinops caerulea 


8-1 37, 41, 43, 53- 
55) 
(30-32) 

0-19-0-34 (44, 56) 


0-17 2-4-3-0 



Thiamine 



TABLE VI 
B-vftamins in tanas, bonitot, mackerels, etc. 

Riboflavin Niacin 



Pantothenic 
Vitamin BU Vitamin B t acid Biotin 



Species 

SCOMBRIDAE 

Albacore 
Germo alalunga 
Bigeye tuna 
Parathunnus obesus 
Bluefln tuna 
Thunnus thynnus 
Frigate 
Auxis (hazard 
Hairtail (cutlass fish) 
Trichiurus spp. 
Mackerel (Atlantic) 
Scomber scombrus 

Mackerel (Pacific) 
Scomber japonicus 
Skipjack 
Katsuvonus spp. 
XIPHJIDAE 
Broadbill swordfish 
Xiphias gladius 


0-4-0-7 
-5T- 

0-6 
1-4-2-3 

T^T" 
2 

0-2-2-0 
0-60 


LL 

OJ> 
0-8-2-2 

6-6 
1-6-6-6 

0-40 


11-14 
143^ 
62-108 

41-114 
-73 

72 


Hg*l8> 
0-0017 

0-005 
0-032-0-066 


M*./f- 
4-4 

3-7-10-0 
4-7-5-7 

5-0-^-9 
4-6-5-4 


Hg-!g- 
12. 

3-8-7-0 

9-7-10-9 
10 

1-6-3-2 


0-03 

0-02-0-06 
0-05 

0-06-0-08 
0-07 

0-012 


References 
(15,32,44) 
(57) 

(11, 13, 15, 17, 
19, 20, 44, 48) 
(13, 58, 59) 

(32, 64, 65) 

(11,14,16,20, 
29, 33, 36-39, 
41, 43, 50, 51, 
55) 
(13, 57, 59, 60) 

(13, 57, 61) 
(29, 62) 


0-04 
0-004-0-012 


0-01 
0-0006 

0-02-0-13 
0*009-0-015 


0-0025-0-006 


0-5 


0-53 


0-49-0-50 


74-91 


0-0057 



very low values for niacin in some species, e.g. for Mugil 
spp. reported values are from 7-7 to 69 ^g. per g. In 
general, the species so far studied in this group may be 
classified as fairly good sources of B-vitamins, 

In Table VIII are summarized data for B-vitamins in 
shark, ray, etc. Very few species have been studied, but 
fortunately fairly extensive data are available for species 
from four different families. Generally, they may be 
classified as good sources of B-vitamins. It is interesting 
to note that the closely related species porbeagle and 
mako show fairly equal values, although they live in 
different waters. 

Finally in Table IX are summarized data for B-vitamins 
in crustacean and molluscs. The values for crustaceans 
refer to investigations of the muscle. Without discussing 
the result in detail, these shellfish may be classified as only 
moderate sources of B-vitamins. Usually, the crabs in 



Europe are canned with the viscera, and this product is a 
very good source of B-vitamins. Shaikmahud and Magar 
(96) have investigated five species of Bombay prawns 
(Penaeus penictiatus, Metapenaeus qffints, Parapenaeus 
stylifera, Hippolysmata ensirostris and Leander tenuipes). 
They report values within the following limits: thiaminc 
OO7-0-14, riboflavin 1 -6-2 O, and niacin 21-48 //g. per g. 
The molluscs have been fairly extensively studied only 
in the United States. Clams may be pointed out as a very 
rich source of vitamin B ]a . Proctor and Lang (95) found 
fresh samples of soft shell clams (Mya arenaria) and hard 
shell clams or quahaugs (Venus mercenaria) to contain 
6-0-9-7 //g. vitamin B lt per g. dry weight, or up to three 
times more than animal liver assayed simultaneously. 
The visceral mass was found to contain the highest con- 
centration. Clams, however, show very high contents of 
thiaminase (74, 76). Oysters have mainly been studied by 
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TABLE VH 


i* 










iv 
Pantothenic 






Thiamine 


Riboflavin Niacin Vitamin B lt 


Vitamin B< acid Biotin 




Species 


W-/T- 


M'lf' W*lf* Wf'/8* 


f*8*l8* P&'lf* WF'lf* 


References 


BLENNIDAE 




1 






Wolf fish 


0-7 


0-7-4-9 13-25 0-018-0-028 


3-42 5-0-6-4 0-037 


(16, 36-39) 


Anarrhichas lupus 




"TF5 20 0-02 


TT TT" 




CARANOIDAE 










Horse mackerel 


1-8 


1-4 52 0-127 


2-7-3-6 2-0-5-0 


(21, 57, 59) 


Trauchurus trauchurus 


~ 


*"" * ^^.^.^ 






Ycliowtails and 










Amberjacks 


1-0 


0-4 68 0-013 


1-3-1-9 4-6-7-9 


(21, 57, 59) 


Seriola spp. 


^^"** 


"^* ^""" * 


"" """""""^" ^*mmm*^mmm 




LUTIANIDAE 










Red snapper 


0-7-1-7 


0-48 7-18 




(33. 34) 


Tutianus blackfordii 


J.Q 


"IT 






OPHIODONTIDAE 










Lingcod 


0-5 


0-4 0-18 




(30, 31, 66) 


Ophidon elongatus 


"" 


^^^m tmtmm^* 






MUOILIDAE 










Mullett 


0-55 


0-98 7-7-6-9 0-0006-0-0025 


4-2-4-3 6-9-8-3 


(13, 21, 31-33, 


Mugil spp. 








59, 63-65, 67) 


MURAENIDAE 










Sharp-toothed eel 


0-3 


9 ^0 




(64) 


Muraenesox 


" 








tababonoides 










SCIAENIDAE 










Drums, Maigre 


0-2 


52 6-16 




(64, 65) 


Sciaena spp. 










SCORPAENIDAE 










Red-fish (Ocean perch) 




0-7-1-1 2Q \0-01 


2-3 3H^ 0-01 


(16, 25, 36-38) 


Sebastus marinus 




" "" """""^ "! 






Rockfishes 


0-8 


1-1-1-5 8 0-12 


0-1-5 


(30-32, 61, 66) 


Sebastodes spp. 


m m 


^^w muifmimtf 


~~ 




SERRANTOAE 


v 








Black sea bass 


1-0 


0-5 24 




(63) 


Stereolepis fifas 





BiM^ 






Grouper 


M 


3-7 14 




(63) 


Epinephelus morio 


_ 


MM ^MM> 






Rock bass 


0-5 


0-5 10 




(63) 


Paralabrax ciathratus 


^ 


MM* ""* 






SPARIDAE 










Pork fish 


0-6 


0-5 5 




(63) 


Anisotrmus interrupts 










Red sea bream 


0-3 


2-5 19 




(63) 


Chrysophrys major 


"""" 








STROMATIDAE 










Pompanos 


1-1 


0^ 30 




(63) 


Palometa media 
















TABLE VIII 






B-vttmmim in sharks, rays, etc. 








Pantothenic 






Thiamine 


Riboflavin Niacin 


Vitamin B lt acid 




Species 


ug./g. 


pg.lg. WF'fa 


HS'lS' l*&'/8' 


References 


CARCHARIIDAE 










Dogfishes 


0-26 


0-27 56 


0-005 


(57) 


Mustelus spp. 










LAMNIDAB 










Porbeagle 


0-8 


0-9-2-8 70-100 


0-025-0-026 2-5-3-3 


(38,42) 


Lamna cornubica 




1-S 75 


6-(Jii "TT" 




Mako 




0-95 ^ 


0-012 2 


(42) 


Isurus oxyrrhynchus 










RAJIDAB 










Rays and skates 


0-2-0-3 


3-7-4-1 23-24 


0-008-0-01 4-6-12-3 


(33, 42) 




6-25 


4*6 25 


0-01 7-J 




SPINAdDAE 










Spiny dogfishes 


0*5 


1-0-1-8 51-53 


0-011-0-026 5-7-8-0 


(16, 33, 42) 






1-5 50 


0-015 7-5 
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Pantotktnic 




Thiamine 


Riboflavin 


Niacin 


Vita/nin BU 


Vitamin B % 


add 


Bhtln 




Spccits 


W-lt- 


Vf./g. 


fif./g. 


fig./g. 


Pf-lf- 


t*g./g. 


Pf-lt- 


References 


CRUSTACEA 


















Crabs 




0*9 


17-28 


0*13 


2*3 


11 


0*098 


(19,36,37,42) 


Cancer spp. 


















Crayfish 




0*6 


24 


0*027 


2*1 


1 


0*038 


(16, 36, 37) 


Neophrops norvegicus 


















Deep set prawns 


0-4-O-8 


0*3-0*7 


11-40 


0*046 


1*0-1*5 


2*3 


0*031 


(16-20, 30, 31, 


Faadaltiu borcalis 


TPT" 


0*5 


20 




12 






36,37) 




0*8-0*9 


0*4-0*6 


12-21 


0*005 








(18-20,29) 


storbm****^ 


0*1-0*5 


0*1-0*7 


11-53 


0*009 


0*8-0*57 


1*2-3*8 




(29, 68, 93) 


Penaeus spp. 


"TFT" 


fl.JJ 






"TB" 


"5T" 






MOLLUSCA 


















dams 


0*4-1*4 


0*9-2*9 


13 


0*13-0*62 








(29-31, 69, 90) 


For. spp. 




""TT" 














Octopus 
Octopus bimaculatus 


0*02-0-48 
fl-M 


0^4 






1* 




0*054 


(30, 31, 36, 37) 


Oysters 


0*7-2*9 


0*6-3*5 


13-6-38-8 


0*15-0*46 


1*1-3-2 


1*4-5-3 


0*087 


(30, 40, 69-72) 


Ostrea spp. 


1-1 


"~rr 


20 


5-6 










Crassostrea spp. 


















Scallops 




0-65 


12 


0*013 








(29) 


JVctot spp. 



















Ficger(71) and by Wentworth and Harvey (72). Consider- 
able variation was found, according to the time of the 
year, age, size and location of the catch. Some loss of 
the B-vitamin seemed to take place during freeze-storage, 
mainly for thiamine and vitamin B, while niacin showed 
no detectable loss. The values for vitamin B 12 are high, 
and result probably from vitamin B 1S producing bacteria 
in the sea or in the digestive tract. It may be pointed out 
that oysters contain no, or very little, thiaminase (74, 
77). 

Hiis survey of data at present available for the B- 
vitamin contents of fish shows that this important food 
has been fairly extensively studied in recent years. More 
data are reported for vitamin B 6 , vitamin B lt and biotin, 
making it possible to evaluate fish as a source of these 
B-factors. A few values for inositol are also reported 
(46, 78, 79), but more values are necessary to judge the 
appearance of this factor. If the different fish are grouped 
according to their fat content, as is common in food 
composition tables, the recent studies support the general 
claim that fat and medium fat fishes contain more B- 
vitamins than meagre fishes. If the different vitamins 
reviewed in the present paper are considered separately, 
the following general conclusion may be drawn: 

Thiamine generally occurs in the same concentration 
in fish as in beef and veal meat, but clearly less than in 
pork, mutton and lamb. The presence of thiaminase in 
some species has to be considered. In animal feeding, 
great destruction of thiamine added to the food has been 
observed when raw fish is fed to Air-bearing animals (80, 
81). Melnick et al. (82) have carried out human avail- 
ability studies, which indicated the destruction of 
thiamine in the gastro-intestinal tract following con* 
comitant ingeation of raw dams. Of fish products for 



direct human consumption, salted and marinated herring 
also contained thiaminase. They found smoked carp to 
give theoretical recovery of thiamine, and assumed that 
smoke-processing destroys the thiaminase. This point 
needs further confirmation in studies with more samples 
and species. Because fish products are often consumed 
raw or in partially cooked state in many areas of the 
world, thiaminase should be considered if malnutrition is 
observed. Riboflavin shows varying values, but as a rule 
fish contain less than meat. This variation is expressed in 
most comparative studies; thus Leong (92) found values 
for riboflavin in Malayan fish and fish products ranging 
from 0*7 to 7-1 //g. per g. Some fat fish, however (among 
them the nutritionally important species, herring (Clupea 
spp.) and mackerel (Scomber spp.)), showed fairly high 
values for this vitamin. 

Niacin is usually considered to be present in fish in 
small amounts, with the exception of salmon, mackerel 
and tuna (1). The data now available show that this view 
needs revision. Meagre fishes, as most fresh-water 
species, gadus-fishes and most mullet, jack, seabass, etc., 
and also shellfish, contain relatively small amounts. 
Values between 20 and 35 //g. per g. are most usual. For 
most other species the values are higher; thus flat-fish 
show values between 20 and 110 //g. per g., with most 
likely averages of 35 to 60 /ig. per g. Similarly, shark 
showed values from 23 to 100 /ig. per g. with most 
averaging above 50 fig. per g. These species may be 
claimed equal to beef meat as a source of niacin. The 
fat fish, such as tuna, bonito, mackerel, herring and 
salmon, showed average values as high as or higher than 
those accepted for veal. These fish are very important 
and rich sources of niacin. The generally high niacin 
content in fish seems reflected in the different products. 
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Giacomi (91) thus found fish paste to contain 10 /*g. 
niacin per g. compared with 5 //g, per g. in meat paste. 

Vitamin B lt is not usually reported in food composition 
tables for nutritional use, as the requirement for this 
vitamin is not known. Generally fish is a good source; 
the fat fish and even the molluscs are particularly rich 
sources of this vitamin. 

Vitamin B 9 has only in recent years been more 
extensively studied in fish and fish products (17, 36, 46). 
Although some variations are found, generally fish is a 
very good source of this important vitamin. Canning 
seems to cause a reduction in the content; but none the 
less canned fish products are very good sources of vitamin 
B.(36). 

Pantothenic acid is universally distributed in all living 
cells, and this is probably the reason for the rare occur- 
rence of pantothcnic acid deficiency in humans. It is thus 
difficult to evaluate the importance of this vitamin, and 
only quantitative considerations can be made. Generally, 
fish contains less pantothenic acid than most common 
meats, but exceptions may be pointed out. Thus Atlantic 
salmon (Salmo salar) and trout (Salmo spp.) were 
found to be fairly rich sources. The variations observed 
in fish may be a result of the dietary level of pantothenic 
acid, as observed for tissues of birds and mammalians 
(83, 84). Pearson and Darnell (85) have reported a 
33 per cent loss of pantothenic acid in the drip from 
defrosting frozen meat. This finding emphasizes the 
importance of direct cooking of frozen fish as usually 
recommended. Not only will the flavour remain, but the 
loss of B-vitamins from the broken cells may be avoided. 
Biotin is present in most food products. Only limited 
results are as yet available from studies of fish and shell- 
fish. If the data for fish products (37) are compared with 
those reported for meat and meat products (85) and 
generally for different foods (87), fish and fish products 
may be considered very good sources of biotin. 
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Shrimp and shellfish are particularly rich in 
vitamins and command an increasing world trade, 
particularly from tropical and semi-tropical 
waters. Ground* rich in shrimp have been found 
and developed off the coast of Cochin, India, and 
here girls in one of the processing plants are 
packing shrimp for treatment in deep freeze prior 
to export to U.S.A. Photo: F. L. Cyprien. 
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B-VTTAMINS IN SOME FISH PRODUCTS 

by 
OLAF R. BRAEKKAN 

B-vitamins in some fish products are here reviewed, and summarized values are given for the B-vitamines thiamine, riboflavin, 
niacin, vitamin Bit, vitamin B Cf pantothenic acid and biotin. 

Weipht-by-weight cured fish products usually show higher values than the corresponding fillets. Canned products usually show 
weight-by-weight values of the same order as for the corresponding fresh fish. 

Smoked and canned products of herring, mackerel, tuna and salmon are found fairly good sources of B-vitamins. They usually 
contain high amounts of niacin, in some cases much higher than common meat products. 

Canned shellfish show generally low values for the B-vitamins; but products which include the viscera are good sources of vitamin 
B lt . Molluscs generally contain very high concentrations of vitamin B >t . 

Canned products of cod liver and roe and of herring roe are judged pood dietary sources of B-vitamins. 

In general, fish products compare favourably with other major protein foods as sources of B-vitamins. 

LES VITAMINES B DANS QUELQUES PRODUITS DU POISSON 

On a consider* les vitamines B dans quelques produits du poisson. On a donn les valeurs resumees pour les vitamines B: thiamine, 
riboflavine, niacine, vitamine B lt , vitamine B, acide pantoth6nique et biotipe. 

En 6galit6 de poids, les produits traites du poisson montrent habituellement des valeurs plus hautes que les filets correspondants. 
En 6galit6 de poids, les produits en boltes montrent habituellement des valeurs comparables & celles des poissons frais correspondants. 

Les produits, fumes et en boltes, de hareng, maquereau, thon et saumon sont apparus comme des sources assez bonnes de vitamines B. 
11s contiennent habituellement des montants eleves de niacine, en quelques cas supirieurs & ceux des produits courants de la viande. 

Les coquillages et crustaccs montrent en gen&ral des faibles teneurs en vitamines B, mais les produits qui component les viscfcres sont 
de bonnes sources de vitamine B 1? . Les mollusques contiennent en general de tres hautes concentrations en vitamine B lt . 

On cstime que les produits en boites de foie et de rogue de morue et dfrfogue de hareng sont de bonnes sources didteiiques de vita- 
mines B. 

D'une facon gdneralc, les produits de poisson se comparent d'uae fa$on favorable avec les autres aliments proteiques principaux 
comme sources de vitamines B. 



LAS VITAMINAS B EN ALGUNOS PRODUCTOS PESQUEROS 



Se ban hecho anal 
riboflavina, niacina, vii 

Generalmentc, 
pescado en conserva vi 

Los productos 
mente contienen ' J 



las vitaminas del grupo B en alfunos productos pesqueros. Se dan los valores para las vitaminas B tiamina, 
vitamina B, acido pantotenico y biotina. 

d de peso, los productos pesqueros curados tienen indices mayores que los filetes correspondientes, y el 
M al pescado fresco correspondiente. 

caballa, atun y salm6n, ahumados o enlatados, son fuentes bastante buenas de las vitaminas B, y general- 
s de niacina, y en algunos casos cantidades muy superiores a las de los productos de carne. 

En general, las conservas de mariscos contienen pocas vitaminas B, pero los productos que inciuyen las visceras son buenas fuentes 
de vitamina B lt . Los moluscos en general contienen concentraciones muy elevadas de vitamina B it . Las conservas de higado y huevas de 
bacalao y de huevas de arenque son buenas fuentes de vitaminas BH. 

En general, los productos pesqueros contienen tantas vitaminas B como otros alimentos proteicos. 



IN my previous paper, the B-vitamin contents of fresh 
meat of fish and shellfish are reviewed. The world 
grand total of fish landed is, however, only partly 
consumed fresh or frozen. Thus, according to the FAO 
Yearbook of Fishery Statistics (2), the disposition of the 
catch shows generally the following percentages: 
marketing fresh 43, freezing 8, curing 24, canning 9, 
reduction to meal and oil 13, and miscellaneous purposes 
3. The present paper intends to cover cured and canned 
fish products. 

The literature on B-vitamins in fish products is, 
however, relatively limited. The first extensive survey 
was given by Lunde (3), who gave tables from vitamin 
studies in canned products, including canned fish 
products. Ktlhnau (4) also reported some canned 
products in his table on vitamins in fish. With few 
exceptions (5, 6), most values for B-vitamins in fish 
products are reported in comparative studies of different 



foods, and the fish products are generally reported with- 
out specifications as to kind offish and species within the 
family. Thus, proper comparison and evaluation of the 
results from different countries are often difficult or 
impossible to obtain. The author has found it necessary 
to limit the present review mainly to results from studies 
carried out in Europe and America. 

In the previous review (1), the analytical problems 
related to the estimation of B-vitamins in fish were 
discussed. For canned products additional difficulties 
enter into the picture. Thus, additives in the form of 
other nutrients of vegetable origin and different spices 
introduced to give flavour to the food, may contain 
substances which interfere with the analysis. 

A method which gives good results for one product may 
not be satisfactory for other products. Thus, many fish 
products are canned in oil. Such fatty material may 
cause disturbances in the microbiological assays, especi- 
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Product 
Stockfish 


Thiaminc 
/<*/* 


Rtboflavin 
Mg-lg. 
2*0-2-6 


Ntadn 
57-160 


TABLE I 
predicts prodaced by curing of 

Vitamin B lt Vitamin B* 

w-lg. w-lg. 

0*05-0-12 2-5-3-70 


fish 

Pantothenlc 
acid 

16-7-21*2 


Blotin 
0-12-0-18 


References 
(6-8, 14, 37, 




0-08 


TT" 


TT" 


0-10 


3-0 


17-J 


0*1 


36, 42) 


Klipp-fish 


0-26-1-29 
IHST" 


0-7-2-7 

nr 


16-28 
TT 


TI-CB 


1*6-3-1 


2-6-3-6 
TT" 


0-05-0-08 
0*065 


(6-12,14,42) 


Lute-fish 




0*05 


2-3 


0*012 


22 


0*8 


0-025 


(6-8) 


Smoked fish 


















Cod 




0-15-1-1 


13-35 


0-002-0-027 


2-2 


1-3-3-4 


0-014 


(13, 14) 






TJ- 




0*015 




TIT 






Haddock 


0-45-1*0 


0-1-0-4 


35-52 


0*008-0-020 




0-7-1-9 




(13) 




TTT" 


0-25 


TJT 


0-012 




1-2 






TJj.ri IITJI 

ncrnny 


0-07-0-82 


1-6-2-8 


39-58 


0-15 


2-0-4-8 


8-8 


0-105 


(6-11) 




6-4 


TIT 


"5T 




TT" 








Mackerel 


1-0-2-0 


2-2^4-7 


59-130 


0-12 


3-4-6-8 


5-2 


0-077 


(6-12) 






TT" 


TIT 


"^*^** 


5*0 


"""" 






Halibut 


0*6 


0-4-1-7 


15 


0-006 


0-3-0-8 


7-2 


0-025 


(6-11) 








"*"* 


~""~ 


TH~ 








Salmon 


1-1-4-5 


0-7-1-9 


50-108 


OO7 


3-4-8-7 


7-1 


0-063 


(6-12) 




J.fl 


-TIT 


75 




6*4 








Eel 


0-7-1-8 


2-2-4-8 


28-57 




1-3-2-0 






(9-12) 




TT~ 


"nr 


"TT 




TT" 








Salted herring 


0-24-0-40 


1-6-3-6 


20-34 


0-08 


1-6-3-2 


5-0 


0-09 


(6-12) 




' 3 


TIT 


TT 




TT" 














B-vftramifl 




TABLE II 


tnd hraTinfl 


r 










Mr f IMHHIII 






UU UCfftMMjf 


Pantothenic 








Thiamine 


Riboflavin 


Niacin 


Vitamin B lt } 


Vitamin B% 


acid 


Blotin 




JVotoef 


ftg./g. 


ftg./g. 


Mg-lg- 


Pg'lg* 


Ug'/g- 


Hg'/g' 


f*g-/g- 


References 


Sardines 


0*5-0-6 


1-O-1-2 


43-52 










(15) 


Clupea pilchardus 


-""""* 1 **"" 


^n 














Pacific sardines 


















Sardinops caerulea 


















natural 


0-00-0-42 


0-9-3-7 


62-88 




2-4-3-0 


1-2-6-5 


0-19-0-34 


(5, 24-26) 




fl.J 


T-7" 


TT 






"TT" 


TT3T" 




in tomato sauce 


0-06-0-17 


1-2-3-8 


54-64 




1-9-2-5 


4-9-8-3 


0-20-0-35 


(5, 24-26) 




0*1 


J.0 


"5T 




J.J 


T3T 


fl-fl 




Brisling sardines 


















Clupea sprat tus 


















in oil 


0-1-2-6 


1-4-6-2 


25-67 


0-08-0-11 


1-5-2-6 


6-O-9-1 


0-14-0-16 


(6, 10-12, 16- 




T5T" 


TT 


"?r 


0-10 


TT" 


"TIT 


0-15 


18) 


in tomato sauce 


0-2-0-45 


1*4-3*9 


50^8 


0*09-0-12 


1-2-2-6 


5*0^5-8 


0-14^0-18 


(7-11) 




0*3 


"TT 




0-10 


TT" 








Heninc sardines 


















Chtpea harengus 


















in oil 


0*03-0*60 


1-6-4-1 


19-57 


0*08-0*10 


1*0-2*0 


4-2-9-5 


0-08-0-13 


(5-8, 16, 18) 




0*4 


J^ 


jfl" 


0*10 


TT" 


"TT 


6-11 




in tomato sauce 


0*3-0*45 


2*9-3*0 


41-58 


0*09-0*11 




7*0-7-3 


0-07-0*13 


f6-8 141 




TPT- 


2 ir s 


~3T 


0*10 


TT" 


TIT 


flii 


\v~9t 1*V 


Fresh herring^ 




2-4 


32 


0*11 


1-3-1*9 


7*7 


0*11-0-12 


(6-8) '. 


in bouillon 




*""**** 


***** 


-*** 1 "* 


TT" 


"**"** 


Mi 




Fresh~ herring^ 




2*9 


38 


0-09 


1-6-1-9 


7-5 


0*19^0*11 


(6-) 


Marinated herring 1 




2*5 


47 


0*10 


2*3 


8*2 


0-09 


(6-8) 


Kippered herring 




23FV7 


238 


fRRfc 


rs 


fiR 


c*ry 


(6-8. 16, 18) 






ii 


TT 













Avenge umpto of 3-5 different brands. 
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Product 

Pacific mackerel 

Pneumatophorus 

and Trauchurus 
Atlantic mackerel 
Scomber scombrus 

in oil 
Small mackerel 1 

in oil 

in tomato sauce 

in bouillon 

marinated 
Mackerel fillets 

in oil 
Pacific tuna 1 

in bouillon 
Atlantic tuna 

Thunnus thynnus 

in oil 

in bouillon 

Salmon 

Oncorhyncus spp. 
in bouillon 



Thiamine Riboflavin 

uf-lf. w-/r- 

0*18-0-33 2-9-3*8 
fl*5J T-T" 

0-40-0-86 1*7-2-6 

BIT" "TIT 



TABLE ffl 

Pantothenic 

Niadn Vitamin B^ Vitamin B t add Biotin 

Hg.lS- ug-lg. W-lf- M-lt* M-lf. 

80-94 2-5-2*9 4-3-5-4 0-12-0-23 

TT TT- 



50-60 



1-8-2-6 



1*0 



0-40-0-66 
fl-H 



0-2-0-7 0-5-1-4 
-RT 
1-0-1-1 



3-5 

75 

l-g4-7 
0-9-1-5 



55-80 



fib 

IT 

fix 

102-155 



90 



0-08 

5155 
(R55 
(HJ5 
5T5 



0-03 



1-7-3-9 
2-0-3-1 




2-4-4*0 
TT" 



5-5 



3-5-5-6 



0-03-0*04 
fl-M 



0-UMH7 
0-10-0-12 

0-10 
0-d3-12 



0-14-0-52 1-1-2-0 



98-141 0-02-0-03 
120 0-03 



62-89 



2-0-4-4 
4-7 

3*9-5*0 



11 
2-3 



0*03-0-06 
0*03 



0-02 
0-02 



References 
(5) 

(5) 



(6-8, 14, 18) 

(6-8) 

TO 

(W) 

(6,9,11) 

(5) 



(6-11) 
(6-8, 19) 



4-7-7-3 0-11-0-19 (5, 25, 26) 



1 Average sample of at least three different brands. c Species: Gtrmo, Neothunnus, Thunnus, and Katsuwonus. 



TABLE IV 



B^vftamiiis In 



Product 

Shellfish 
Crab natural 

Crab paste 
Shrimps 

Molluscs 
dams 

Oysters 

Miscellaneous 
Cod liver natural 
Cod liver paste 
Cod roe-liver paste 
Cod roe 
Cod roe caviar 
Herring soft roe 
Herring hard roe 
Fish balls 

in bouillon 
Fried fishcakes 



Thiamine Riboflavin Niacin 



Vitamin 
#?/* 



0-01-0-5 



0-6 
0-01-0-6 



0-02-0-21 



0-12-0-33 
0-20 



0-8 
1-3 
2-5 
3-3 
0-4 

0-1-0-7 

TT- 

1*0 



1-4-4-0 


17-25 


0-14 


2-0-3-6 


J.J 


TT 


^^^ *** 


1 2J 


1*9 


12 


0-44 


1-3 


0-4-3-7 


7-34 


0-03 


0-1-3-7 


TT" 


TT 




0-2 


0*52-1*68 


3-20 




0-3-1-33 


6-U 


"5T 




0-8} 


1-25-3-30 


5-6-16-5 




0-1-0-9 


5!T~ 


-nr- 




T7~ 


3-4 


15 


0-10 


1*7 


4-3 


12 


0-10 


0-7 


4-4 


12 


0-13 


1-2 


5*5 


8 


0-15 


1*4 


4*6 


5 


0*09 


1-4 


7-5 


24 


0*10 




3-2 


14 


0-11 


1*5 


0*9-1-2 


14-14 


0*005-0*006 


0-6-1*0 


1*0 


"TT 


0*005 


Q*g 


1-0 


11 


0*01 


0*5 



Pantothenic 
Vitamin B % acid 
W-lt- 



11 

15-7 
1-7-3*5 
TT" 



Biotin 



0*09 

0-12 
OO2 



4-3 
12-9 
12-0 
19-7 
19-4 
15-5 
17-3 
1-7-1-9 

TT- 

2*5 



0*91 
0*40 
0*34 
0*17 
0*09 
0*05 
0*22 
0*014 

0-015 



References 
(6-8, 26) 

(6-8) 
(6-8, 24-26) 

(26) 
(26) 







6-8, 16, 20) 
tf',20) 



6-11) 
(6-8,20) 



Values of the same order obtained for fried fish cakes in gravy and in boufllott. 
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ally with Lactobactilus easel, which usually is employed 
for the estimation of riboflavin. 

Nettands et al. (5) found fluctuation in the values for 
biotin in canned fish, which they assumed at least partially 
to be caused by the fatty acids of the samples. 

The most common method of curing is salting of 
filleted or whole fish. Unfortunately, few proper values 
are reported for such products, with the possible excep- 
tion of salted herring ("spekesild"). The author has 
included this product in the tables, but found it possible 
only to give general considerations for salted fish. In 
some cases the curing is light, and salt is only sprayed on 
the fish or the fillets to make them keep a couple of days. 
In this case, the loss through liquid drawn out of the fish 
is not substantial. In other cases heavy salting is carried 
out, often with changes from one brine to another. In 
this case considerable losses may be induced. Thus, 
salted herring has only about SO per cent of the B-vitamin 
content of fresh herring (6-12). 

In Table I are summarized the B-vitamin values for 
some important cured fish products. Stockfish may be 
produced from cod, haddock or saithe, and will naturally 
reflect the normal vitamin values for fresh fish. Thus, 
stockfish from haddock shows the highest values for 
niatin, and stockfish from saithe shows the highest 
values for vitamin B lt (14). In klippfish, the curing with 
salt before drying has "extracted" much of the B-vitamin 
of the raw material, but the drying results in a concentra- 
tion to make klippfish weight-by-weight richer in B- 
vitamins than fresh cod. For the smoked fishes it may be 
noted that they generally, weight-by-weight, show values 
equal to those of the corresponding fresh fillets (1). 
Smoked herring, mackerel and salmon are rich in niacin 
and vitamin B 6 . 

In Table II are summarized values for canned sardine, 
brisling and herring. It may be pointed out that corres- 
ponding products of Pacific sardine (Sardinops caerulea), 
brisling (Clupea sprattus) and herring (Clupea harengus) 
show B-vitamin values of the same order of magnitude. 
The values for niacin and biotin may be considered as 
fairly rich. The vitamin B tt values are somewhat lower 
than for corresponding fresh fish, but still justify the term 
"rich". 

The very low limits reported for thiamine in some 
products probably reflects the thiaminase in these species. 

In Table III are summarized B-vitamin values for 
mackerel, tuna and salmon. All the quoted products are 
very rich in niacin, especially tuna, with values up to 
155 fig. per g., which is much higher than for meat of 
animal origin. They are also rich in vitamin B 6 . While 
mackerel and salmon are rich in biotin, tuna products 
show relatively moderate values for this vitamin. 

Guerrant et al (23) report the following values for 
salmon paste, as a result of collaborative studies: 
thiamine 0*1, riboflavin 3-0, pantothenic acid 6*4, and 
niacin 61 /*g. per g. 

In Table IV are summarized values for canned shellfish 
and miscellaneous canned fish products. Except for the 



high content of vitamin B lt in crab paste, these products 
show very moderate B-vitamin content. Teeri et al. (19) 
reported the following values for canned crab: riboflavin 
0-8, niacin 13-7, and vitamin B la 0-005 ^g. per g. The very 
low vitamin B 1S content (as compared with natural crab 
and crab paste in the table, with respectively 0*14 and 
0*44 //g. vitamin B ia /g.) reflects differences between 
products with only claw meat and those which contain 
the whole crab, including viscera. Fellers and Harris (21) 
found 2-3 i*g. thiamine and 1*5 ;*g. riboflavin per g. in 
canned Atlantic blue crab. Canned lobster is little 
investigated. Hjarde (10) reports 0*4-0*6 /*g. thiamine 
per g., and Hjarde and Lieck (11) 0*1-0*3 //g. riboflavin 

pcrg- 

Canned "cod liver natural", "liver paste", "roe liver 
paste" and "roe" are products rich in B-vitamins. The 
values for vitamin B 12 and biotin are especially high. 
The important fish products: "fish balls in bouillon" and 
"fried fish cakes" show moderate values. The latter 
product is canned either in gravy or in bouillon, but the 
vitamin values are practically the same (14). 

Canned molluscs have been omitted from these tables, 
since few values are available. Chatfield (22) gives the 
following general values : thiamine 1 *2, riboflavin 1*1, and 
niacin 9 //g. per g. of canned molluscs. 

Proctor and Lang (28) investigated the vitamin B 12 
content of fresh and canned clams. They found com- 
mercially-canned whole clams to contain 3*8 //g. vitamin 
BIS per dry weight, or about half the value for fresh 
clams. They assumed that there had been a loss in the 
processing, or that the results reflected differences in 
species or locality of collection. Braekkan (14) found 
canned common mussel to contain 0*17 //g. vitamin B 12 
per g. net weight. It may be concluded that cured and 
canned fish products generally can be favourably com- 
pared with other major protein foods as a source of 
B-vitamins. Fluctuation of the different values with 
species and type of product are frequently encountered. 

Summary 

A review has been made of B-vitamins in some fish pro- 
ducts. Summarized values have been given for the 
B-vitamins: thiamine, riboflavin, niacin, vitamin B ia , 
vitamin B 6 , pantothenic acid and biotin. 

The cured products, stockfish and klippfish and 
different smoked fish, showed weight-by-weight higher 
values than corresponding fresh fillets. Smoked herring, 
mackerel and salmon were especially rich in niacin and 
vitamin B*. 

Canned fish, sardine, brisling and herring showed 
fairly equal values and weight-by-weight of the same 
order as for the corresponding fresh fish. 

Canned mackerel, tuna and salmon were found fairly 
good sources of B-vitamins. They contained especially 
high amounts of niacin, some parts much higher than 
common meat products. Also the values for vitamin B 6 
were fairly high. 

Canned shellfish generally showed low vitamin values, 
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but products which included the viscera were good 
sources of vitamin B ?a . Molluscs were generally very 
good sources of vitamin B 18 . 

Canned products of cod liver and roe and of herring 
roe were good B-vitamin sources. 

Generally fish products compared favourably with , 
other major protein foods as sources of B-vitamins. 
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Unceasing and persistent scientific research is 
conducted by chemists in many institutions all over 
the world to discover all that can possibly be 
known about the various constituents of fish. 
Here, one research chemist it happens to be 
Dr. H. L. A. Tarr, of the Fisheries Research Board 
of Canada is shown preparing a microbiological 
assay of vitamin BH animal growth factor to 
ascertain whether the amount of this factor in fish 
products can be increased. 
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MUSCLE LIProS OF TUNA 

by 
H. S. OLCOTT, J. FROINES and C. Y, SHUSTER 

Some newer methods of analysis are being applied to a study of the muscle lipids of tuna fish with particular reference to the phot - 
pholipid components. Skeletal muscle obtained from fresh or frozen tuna is freed from red nwat, and extracted with chloroforawnethanol by 
the Folch procedure as modified by Bligh and Dyer (Can.J. Btochem. andPhysiol. 37, 911 (1959) ). The total lipid extract is then fractionated 
by elution from a sflidc-atid column with chloroform containing increasing amounts of methanol. The order of elution is as follows: neutral 
gjycerides, sterofe, cephalitis, photphomositides, lecithins, lysoledthins, and sphingomyelins, Some minor fractions are not yet identified. 
The separate duates are evaporated to dryness under nitrogen, weighed to determine yield, pooled when desirable, and subjected to analysis by 
infra-red absorption spectre-photometry, and for phosphorus, ester, and plasmalogen content, fatty acid composition, iodine value and nitro- 
genous constituents* Infra-red absorption peaks at 5-8, 6-5-6-6, 9-0-9-5, 9-8-9-9/1 (microns) help to identify cephalins; at 2*9 1, to identify 
phosphoiixxitides; at 2-9, 5*8, 9-0-9-5, 9-8, 9-9, 10-3 /i to identify lecithins; and at 5-8, 6-3-6-8, 10-3 p to identify sphingomyelins (cf. Nelson 
and Freeman. /. Bioi Chtm. 234, 1375 (1959) ). Excellent spectra for qualitative work are obtained with thin films of each fraction between 
sodium chloride discs. 

The fatty acid composition is determined by means of gas liquid chromatography. The fractions are hydrolysed, the fatty acids 
recovered, and changed to methyl esters. They are analysed with a column packed with diethylene glycol succinate polymer (DECS) on fire 
brick, and held at 180 and 210. Helium is the carrier gas. Detection is by thermal conductivity cell 

Preliminary data have been obtained with a small number of albacore and yellow-fin tuna muscle samples. The total lipid content 
has ranged from 04 per cent to 10 per cent of the total wet weight. Neutral lipid accounted for most of that over 0-25 per cent. Of the 
phospholipid ~ 

as much (17-2 _ . . _ . 
considerable portion (10-30 per cent) 

Preliminary fatty acid determinations indicate that palmitic acid accounts for most of the saturated fatty acids in the neutral fat and 
in the lecithins, but that stearic acid is the more abundant in the cephalins. Further comparisons of fatty acid composition will be presented. 

This work was supported by funds made available by the Saltonstall-Kennedy Act, and administered by means of a collaborative 
agreement between the Fish and Wildlife Service and the University of California. 

LES LIPIDES MUSCULAIRES DU THON 

Quelques nouvcllcs m&hodes d'analyse ont e"tc" appliqufes a I'ttude des lipides musculaires du thon avec une inference particuiiere 
aux composants phospholipidiques. Des muscles du squetette, retires de thons frais ou congeles, sont nettoy6s de leur chair rouge et soumis 
a une extraction a 1'akool mtthylique chloroform^ selon le mode optratoire de Folch, modifie par Bligh et Dyer (Can. J, Biochem. and Physiol 
37, 911 (1959) ). L'extrait lipidique total est alors fractionne" par Elution sur colonne a 1'acide siliciquc avec du chloroform* contenant des 
quantites croissantes d'alcool memylique. L*ordre dilution est le suivant: glycdrides neutres, st6rols, cephalines, phospholnositides, 16cithines, 
lysotecithines et sphyngomy61ines. Quelques fractions mineures n'ont pas encore 6t6 identifiers. Les 61ut6s s6 pares sont pcses pour determiner 
la quantiti produite, places ensemble lorsqu'il est ntaessaire et soumis a Tanalyse par spectophotomfaie d'absorption a 1'infra-rougc et pour 
rttude de la teneur en phosphore, en ester et en plasmalogfenc, de la composition en acides gras, de 1'indice d'iode et des constituants azotes. 
Les pointes de I'absorption A 1'infra-rouge * 5,8; 6,5-6,6: 9,0-9,5; 9,8-9,9 ft (microns) permettent d'identificr les cdphalines: a 2,9 ^ les phos- 
pholnositides: * 2,9; 5,8; 9,0-9,5; 9,8; 9,9; 103 les leci thine*: et & 5,8; 6,3-4,8; 10,3 les sphyngomyflines (Nelson et Freeman, /. Biol. 
Chem. 234, 1375 (1959) ). On a obtenu d'excdlents spectres pour l*6tude qualitative avec des couches minces de chaque fraction entre des 
disques de chlorate de sodium. 

La composition en acides gras est d6termin6e au moyen de la chromatographie gazliquide. Les fractions sont hydrolystes, les acides 
gras recup6res et transformed en mtthyl-esters. Us sont analyse* avec une colonne bounce au succinate polym6ris6 de didthylene-glycol 
(DECS) sur itfractaire et maintenue a 180 et 210. L'Mlium est le gaz de transport. La detection est faite par une cellule de conductivity 
thermique. 

Les donn6es prdiminaires ont 6te" obtenues avec un petit nombre d'cchantillons de muscles de thon albacore et de thon a nageoires 
jaunes. La teneur totato en lipides variait de 0,4% i 10% du poids total A T^tat humide. Les lipides neutres intervenaient principalement 
au-dessus de 0,25%, Dans les fractions des phospholipktes, les lecithines 6taicnt les plus abondantcs (40^0%), et les cephalines se pr&en- 
taient en quantity de Tordre de un tiers 4 un demi des precWentes (20 & 25%). Les sphyngomytlines intervenaient en fraction moindre 
(7-15%) ct to phospholnositides pour moins de 5%. Une proportion considerable (10-30%) des fractions de tecithine et de cephaline se 
trouvait sous la forme de plasmalogfenes. 

Les determinations pr61iminaires des acides gras indiquent que Tadde pabnitique intervient principalement parmi les acides gras 
satures dans to graisses neutres et dans to terithines, mak que Tacide st6arique est le plus abondant dans to ctphalines. On prescntera 
d*autres tttmeots de comparaison de la composition en acides gras. 

Cette 6tude a 6te subventionn^e par des fonds accordes par te Saltonstall-Kennedy Act et administres par un agrtment coopdratif 
entre le Fish and Wildlife Service et TUniversit* de California 

LIPIDOS DEL TEJIDO MUSCULAR DEL ATUN 

Akunos m6todos mis modernot de analisis se apUcaa a un estudio de los lipidos del tejido muscular del atun, con especial referenda 
a los fosfolfeidos. K mtecuto esqueKtico obtenido de atto fitico o congdado se separa de la came roja, y se extracta con cloroformo- 
mctanol por et procedimiento de Folch modificado per Bligh y Dyer (Can. J, Biochem. andPhysiol. 37, 911 (1959) ). El extracto de lipidos 
total se fracdonapor dutriaci6n ea columna de Acado silicko con doroformo que contiene cantidades crecicntcs de metanol. El orden de 
dutriid6n s d foime: tfic&rid^ Toda via no se ban 

identificado algunas ftaodones menores. Los elutriados sepaitdot se pesan para determinar el rendimiento, se combinan cuando conviene, y 
se analizan por espectrofotomctria de absorcion 4e rayos infhmrojot, y para determinar el contenido de f6sforo f 6steres y plasmaldgeno, 
composicion 40 Addos grasot, indice de yodo y oooftituyerrtes oitrogeoosda. Los mAximos de absorcion de rayos infrarrojos a 5,8; 6,5-6,6; 
9,0-9,5; 9,8-9,9^(mkrones) ayudan a ktatttear cefalintt: a 2,9 /< Sentiflcan fotfoinotitidos: a 2,9; 5,8: 9,0-9,5; 9,8; 9,9; 10,3 n identifican 
edtinas: y a 5,8; 6,3-M; 1<M P identifican etfliiginitkftTias (Jfeton y Freeman, /. Biol. Chtm. 234, 1375 (1959) ). Se obtienen excelentes 
espectros para k labor cualhativa con ctpai deigadas dp oada fraoctoa eotre discos de doruro sodkx). 
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Muscl* Lipids of Tuna 

La composicidn de los teUlos grasos aedeteraiina por mcdio de cromatografla a trtvis dc gai y llquido. Las fracciones ie hidrolizan, 
los Atidos grasos se rccuperan y se cambian a Meres dc metilo. Se analizan en oohunna llena del polimero succinato glicol dietileno en 
ladriUorefractarioyicmantiencna 180y210. Se emptea helio como gas vector. La deteccion se hao por celula de conductividad tcrmica. 

Lot datot preliminares ae han obtenido con un pequefto numero de muestras de teiido muscular de albacora y atun de aleta amarilla. 
El contenido de lipidos total ha variado de 0,4 a 10% del peso en fresco total. A los Ifpidos neutros ha correspondido la mayor pane de la 
cantidad superior a 0,25%. De las fracciones fosfolipido, las lecitinas son las mis abdundantes (40-60%); las cefalinas esttn presentes en 
cantidades superiores en un tercio a una mitad (20-25 %). Las esfingomidinas constituycn una fracci6n mcnor (7-1 5 %), y los fosf oinosin'dos 
representan menos del 5 %. Una partc considerable (10-30%) de las fracciones lecitina y ccfalina se cncuentran en forma de plasma!6genos. 

Las determhiaciones preliminarcs de los fcidos grasos indican quc al dcido palmitico corresponde la mayor partc de los Acidos 
grasos saturados en la grasa neutra y en las lecitinas, pero que el ftcido esteirico es el mAs abundante en las cefalinas. Se presentaiin otras 
comparaciones de la composici6n de Acidoi grasos. 

Esta labor se costed con fondos obtenidos en virtud de la ley Saltonstall-Kenncdy administrados por mcdio de un acuerdo de 
colaboraci6n entre el Servicio de Pesca y Gaza y la Universidad de California. 



.".<*..y.. ' 5".,.M ,V^ \ ''.'. i>.V \ . ,&w f (!* t\j-*$&,J'''tj.SM. fj!l*i-'^i. JK.'V 




The richness of tuna flesh his caused an expanding development in this fishery in suitable waten over the last de^ The view 
shows a heavy shipment of frozen tuna displayed on the Tokyo market. Tuna fishery is now one of the greatest in the world. 
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THE EFFECT OF LINOLEIC AND LINOLENIC ACIDS 
ON THE SOLUBILITY OF COD ACTOMYOSIN 

by 
FREDERICK KING, MARGARET ANDERSON and MAYNARD STEINBERG 

During frozen storage of fish muscle, its myofibrillar proteins gradually become inextractable and the flesh becomes tough. Drying 
of fresh fish muscle produces similar results. Although it is generally believed that protein cxtractability and texture of the flesh are causally 
related, there is very little information concerning the mechanism by which actomyosin aggregates and becomes inextractable. The present 
research has investigated the relationship of fatty acids to actomyosin solubility. 

Linoleic and linolcnic acids were added volumetrically to each of the following: (1) aliquots of soluble cod actomyosin; (2) aliquots of 
total soluble cod protein; and (3) the solvent buffer just before extraction of total soluble protein from replicate samples of cod flesh. The 
concentrations of added fatty acid were similar to the estimated total fatty acid content of frozen-stored cod flesh. Total soluble protein 
extracts contained approximately three parts of actomyosin to one part "easily soluble protein", and were prepared by a method based on that 
of D. G. Ellis and P. M. Winchester (/. Fish Res. Bd. Canada, 16, (1) 33, 1959). Actomyosin extracts were prepared by a method based on 
that of J. J. Connetl (Biochem. J. 69, (1), 5, 1958). 

The extent of actomyosin insolubilization was measured immediately after preparation of the extract or after storage of the blends 
for one to four days at 39F (4C) (Fig. 1). This was done by measuring the protein unsedimented by centrifugation at 10,000 times gravity 
for 20 minutes. In all experiments controls were treated in a manner identical to the experimental samples, with the exception that they did 
not contain added fatty acid. Soluble protein content of the controls was essentially unchanged during storage at 39F (4C). 

The presence of added fatty acid during extraction reduced the amount of actomyosin obtainable. The addition of fatty acid to an 
extract of actomyosin resulted in a loss of soluble actomyosin. Stoichiometric data were obtained which demonstrated that linoleic and 
linolcnic acids insolubilized actomyosin at different rates. From these data, and from data obtained in experiments with fatty acid esters 
and non-ionic surfactants, it is concluded that protein binding by dissociated fatty acid anions is significant as part of the mechanism by 
which fatty acids insolubilize actomyosin. 

Although all of the available evidence supports a conclusion of causal relationship, it has not yet been shown that fatty acids act on 
actomyosin in situ so as to decrease protein extractability from cod muscle. Since linoleic and linolenic acids insolubilized extracted actomyo- 
sin at different rates, it is presumed that species differences in actomyosin stability (for example, rabbit vs. cod) are related to differences in the 
composition of their muscle fatty acids. 

L'EFFET DBS AC1DES LINOLEIQUE ET LINOLENIQUE SUR LA SOLUB1L1TE 
DE L'ACTOMYOSINE DE LA MORUE 

Durant 1'entreposage en congelation du muscle de poisson, ses proteines myofibrillaires deviennent de plus en plus difficilement 
extractives et la chair devient coriace. Le sechage du muscle de poisson frais produit des resultats identiques. Bien qu'on pensc g6n6ralement 
que I'extractibilite des proteines et la texture de la chair soient lite d'une fagon causative, on a trop pcu d*information sur le mecanisme par 
lequel ractomyosine s'agrege et cesse d'etre extractible.Cettc etude a recherche les relations entre Ics acides gras et la solubilite de 1'actomyo- 
sine. 

On a ajoute volumetriqucment des acides linoleiquc et linolenique (1) a des parties aliquotes d'actomyosine soluble de morue, (2) 
a des parties aliquotes de prpteine soluble totale de morue et (3) au solvant tampon juste avant d'extraire la proteine soluble totale d'echantillons 
multiples identiques de chair de morue. Les concentrations d'acide gras ajoute 6taient identiques & la teneur estimce totale en acide gras de la 
chair de morue entreposee sous congelation. Les extraits totaux de proteine soluble contenaient approximativement trois parts d'actomyosine 
pour une part de "proteine facilement solubilisee", et ils avaient ete prepares par une mfthode basee sur celle de D. O. Ellis et P. M. Win- 
chester (/ Fish Res. Bd. Canada, 16, (1) 33, 1959). Les extraits d'actomyosine avaient M prepares de leur c6te par une methode basee sur 
cclk de J. J. Connell (Biochem. J. 69, (1) 5, 1958). 

L'importance de Tinsolubtlisation de ractomyosine a 6te mesurec immediatemcnt apres la preparation de I'extrait ou apres 1'entre- 
posafe des melanges durant un & quatre jours a 39F (4C) (Diagram 1). On I'effectuait par la mesure de la proteine non sedimentee par 
centnfugation & 10 000 g durant 20 minutes. Dans Unites les experiences, des temoins 6taient traites de la mftme maniere que les echantillons 
experimentaux, tnais ils ne contenaient pas d f acides gras ajoutes. La teneur en proteine soluble des temoins restait fondamentalement inchangee 
durant rentreposage a 39F (4Q. 

La presence d'acide gras ajoute durant I'extraction reduisait le montant d'actomyosine qu'on pouvait obtenir. L'addition d'acide gras 
a un extrait d'actomyosine se traduisait par une diminution de 1'actomyosine soluble. On a ootenu des donnees stoechiomctriques qui ont 
montre que les acides linoteique et linolenique insplubilisaient 1'actomyosine a des taux difierents. Depuis ces donnees, et depuis des donnees 
obtenues dans des experiences avec des esters d'acides gras et des agents tensioactifs non-ioniques, on a conclu que la liaison des proteines par 
des anions d'actdes gras dissocies est importante cotnme element du mecanisme par lequel ks acides gras insolubilisent 1'actomyosine. 

Quoique tous ks faits amenent a conclure a une relation causative, on n'a pat pu montrer encore que les acides gras agissent sur 
ractomycaine in situ de faoon a diminuer l f extractibilite des proteines du muscle de morue. Puisque les acides linoleique et linolenique in- 
solubillmt ractomyosine extraite a des vitesses diflttrentes, on peut emettre Thypothte que certames differences speciflqucs observees dans 
la stabflite de ractomyosine (par exemple: lapin vs. morue) sont liees a des differences dans la composition de leurs acides gras musculaires. 

EFECTO DE LOS ACIDOS LINOLEICO Y LINOLENICO EN LA SOLUMLIDAD DE LA 

ACTOMIOSINA DEL BACALAO 

Durante d alniaoeiiainiento de U^ido m 

extractabks y la came ae pone coriacea. La desccacicm del tejido muscular de dcecado frctoo produce remltadot anaiogos. Aunque se cree 
en fcoeral que It extractabilklad de la protdna y la textura de la came dtaa ligadas de manera causativa, ae tieaen muy pooos <&tos sobrc 
el rnaonhmo por el cual la actomiotlna at agrega y ccsa de scr extractabie. En erteestudiote ban invertijwk) las reladonw entre lot ad^ 
grasot y la soluWIidad de la actomiosina. 

Se adidonaron vokimetricamente los acidos linolekx) y linoleaico a: (1) partes alicuotas de actomiosina soluble del bacalao; (2) 
pailtt aUcuotM de pmtetaM sohibtos totaiei M 
totakt a partirdemuestras identical de came bacalao. Las conocotractones de addo graso adickmado eran klentk al contenido cstii^^ 
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Effect ofUnoleic Acids on CoJ[Actomyosin 



total de acido graso dc la carne de bacalao almaccnada congelada. Los cxtractos totales de protefnas solubles contenian, aproximadamente, 
3 partes de actomiosina a 1 parte de "protdna soluble facilmente", y se habian prcparado por un metodo basado en el de D. G. Ellis y P. M. 
Winchester (/. Fish Res. Bd. Canada, 16 (1) 33, 1959). Los cxtractos de actomiosina se prepararon por un metodo basado en el de J. J. Connell 
(Biochem. J. 69 (1) 5, 1958). 

1 grado de insolubilidad de la actomiosina se midid inmediatamente despues de preparar el extracto o dcspues del almaccnamicnto 
de las mezclas de 1 a 4 dias a 39F (4Q (Diagrama 1). Esto se efectuo midicndo la proteina no sedimentada por ccntrifugaci6n a 10.000 
durante 20 minutos. En todos los experiments los testigos se trataron de la misma manera que las muestras experimentales, excepto que no 
contenfan acido graso afladido. El tenor de proteina soluble de los testigos permaneci6 fundamentalmente sin variaci6n durante el alma- 
cenamiento a 39F (40C). 

La prcsencia de acido graso adicionado durante la extraction redujo la cantidad de actomiosina factible de obtencion. La adicidn 
de acido graso a un extracto de actomiosina produjo una poidida de la actomiosina soluble. Se obtuvteron datos estoiquiometricos que 
demostraron que los acidos linoleico y linolenico hacian insoluble la actomiosina a diferentes vclocidades. De estos datos y de otros obtenidos en 
experimentos con esteres de acidos graso y de agentes tensoactivos no i6nicos se Ileg6 a la conclusi6n de que la ligazdn de protefnas por aniones 
de acidos grasos disociados es importante como parte del mecanismo por el cual los acidos grasos hacen insoluble la actomiosina. 

Aunque todos los hechos conducen a la conclusidn de la existencia de una rclacidn causativa, todavia no se ha demostrado que los 
acidos grasos actuen sobre la actomiosina in situ de manera que disminuya la extractabilidad de las proteinas del musculo de bacalao. Como 
los acidos linoleico y Iinol6nico hacen insoluble la actomiosina extractada a diferentes velocidades, se adelanta la hipotesis de que diferencias 
especificas observadas en la estabilidad de la actomiosina (por cjemplo: conejo y bacalao) estan relacionadas a la composicidn de sus acidos 
grasos musculares. 



LINOLCIC ACID 
NOT STORED 



LWOLEIC AGIO 
4 DAYS STORAGE 



LINOLENIC AGO 
4 DAYS STORAGE 




J 

0.4 0.6 O.6 1.0 

CONTENT OF ADDED FATTY ACID (MOM FATTY ACID PER MOM INITIALLY SOLUBLE PROTEIN NITROGEN) 
Fig. 1. Soluble protein of actomyosin sols containing added linoleic acid and added linolenic acid. Stored at 4 Q C for one and four days. 
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POLYUNSATURATED FATTY ACIDS IN FISH 3WTTOCHONDRIA 

by 
T. RICHARDSON, A. L. TAPPEL and E. H, GfcUGER 

The purpose of this research was to determine if biochemically functional mitochondria specifically require linoleic, linolenic or 
arachidonic acids; to test for fatty add involvement in electron transport; and to study the disposition of fish fatty adds in liver and heart 
mitochondria of fish-eating marine birds and mammals. Metabolic studies show that high levels of classical essential fatty adds (EFA) are 
Decenary for mitochondrial function in the rat. Nutritional studies indicate that fish oils, although low in classical essential fatty adds (EFA), 
have EFA activity. Relative distribution and concentration of mitochondrial fatty adds from fish, mammals, and birds might indicate whether 
fish concentrate EFA in mitochondria or possibly utilize higher polyunsaturated homologs for mitochondrial function. 

Methyl esters of fatty adds from mitochondria isolated by differential centrifugation were analysed by gas liquid chromatography. 
Mitochondria! cytochrome concentrations were calculated from difference spectra (Table 1). 

The unsaturation of mitochondrial fatty acids increased as follows: Chicken liver < beef heart < rat liver < catfish liver < carp 
liver < salmon liver < salmon heart. Linoleic and arachidonic acids accounted for 22*3 per cent, 51 *6 per cent, 45*2 per cent, 4*5 per cent, 
20*6 per cent, 4*9 per cent, 2*7 per cent of total fatty acids in these preparations, respectively, Linolenic acid was not detectable in mito- 
chondria from chicken liver, beet heart, rat liver, and catfish liver. Molar ratios of EFA to cytochrome c ranged 70 to 1,051. Generally, 
fish mitochondria were low in total essential fatty acids, but contained high levels of C M :i and Cn* fatty acids (Table 11). Chicken mito- 
chondria contained a C. polyene (2*6 per cent). Mitochondrial linoleic acid was low in salmon liver (0*9 per cent) and salmon heart (1 ! 
per cent) and undctectable in catfish liver. Mitochondrial fatty acid patterns of hearts and livers of pelican, cormorant, grebe, murre, scoter, 
and fur seal were similar to those of fish. The main differences were the lower average of total fatty acids, and the higher average of stearic 
and arachidonic acids in the mitochondria of birds and seal. 

The research indicates that fish mitochondria have no compulsory requirement for linoleic acid or linolenic acid; fish apparently 
do not concentrate EFA in mitochondria; and classical EFA do not function in mitochondrial electron transport. 

LES ACIDES GRAS POLYINSATURES DANS LES MITOCHONDRIES DU POISSON 

L'objet de cette recherche a te de preciser si les mitochondries dans leurs fonctions biochimiques exigent d'une facon specifiquc les 
acides linoteique, linolenique et arachidonique; de verifier par l'6preuve Intervention des acides gras dans le transport d'61cctrons; et d'dtudier 
la disposition des addes gras du poisson dans les mitochondries du foie et du coeur des oiseaux marins et des mammiferes qui consommcnt 
du poisson. Des 6tudes de mctabolismc montrent que de hauts taux d'acides gras essentiels (AGE) classiques sont neccssaires a la fonction 
mitochondrielle chez le rat. Des etudes de nutrition montrent que les huiles de poisson, bien que pauvres en acides gras essentiels classiques, 
opt une activit6 AGE. La distribution relative et la concentration des acides gras mitochondriels chez les poissons, les mammiferes et les 
oiseaux pouvait indiquer si les poissons concentrent les AGE dans les mitochondries ou s'ils utiliscnt peut-6tre des homologues supeiieurs 
polyinsatures pour la fonction mitochondrielle. 

On a analyst a la chromatographie gaz-liquide des esters m&hyliques d'acides gras proyenant de mitochondries isolees par centrifuga- 
tion differentielk. Les concentrations en cytochrome mitochondriel ont etc calculces sur les differences de spectres (Tableau I). 

L'insaturation des acides gras mitochondriels augmentait ainsi qu'il suit; foie de poulet < coeur de boeuf < foie de rat < foie de 
silure < foie de carpe < foie de saumon < coeur de saumon. Dans ces preparations, les acides linoteique et arachidonique intervenaient 
ensemble par rapport aux addes gras totaux suivant les pourcentafes respectifs de 22,3%, 51,6%, 45,2%, 4,5%, 20,6%, 4,9%, et 2,7%. 
L'acide linoteique n'etait pas decelable dans les mitochondries du foie de poulet, de coeur de boeuf, de foie de rat et de foie de silure. Les 
rapports molaircs d'AGE au cytochrome c variaient de 70 a 1051. En g6nral t ks mitochondries de poisson etaient pauvres en acides fras 
essentiels totaux, mais presentaient des teneurs importantes en acides gras en Cm u et CM : (Tableau II). Les mitochondries du poulet contenaient 
2,6% d'un polyene en C,,v L'acide linoteique mitochondriel etait faible dans le foie de saumon (0,9 %) et dans le coeur de saumon (1,1 %) 
et indccclable dans le foie de silure. Les distributions d'acides gras mitochondriels dans les coeurs et les foies de pelican, cormoran, grebe, 
guillemot, macreuse et otarie etaient identiques a celles du poisson. Les differences principales risidaient dans une moyenne plus basse en 
acides gras totaux et dans une teneur plus haute en acides stearique et arachidonique dans les mitochondries des oiseaux et de Totarie. 

Ces recherches montrent que les mitochondries de poisson n'ont pas de besoin absolu en acides linoleique on linotenique; le poisson 
ne concentre apparemment pas les AGE dans ses mitochondries; et les AGE classiques n'intervicnnent pas dans le transport mitochondriel 
d'clectrons. 

ACIDOS GRASOS CON VARIOS ENLACES NO SATURADOS EN LA MITOCONDRIA DEL PESCADO 

Tenla la investigad6n por finalidad determinar si la mitocondria funcional bioquimicamente requiere espedficamente acidos lino- 
leico, linoldnico o araquidonico ; determinar si los Acidos grasos estaban comprometidos en el transporte de electrones ; y estudiar la disposici6n 
de los Addos grasos del pescado en las mitocondrias del corazon e higado de aves y mamiferos marinos que se alimentan de pescado. Los 
estudios del metabolismo indican que son necesarias devadas concentraciones de Acidos grasos esenciales (AGE) para la funci6n mitocondrial 
de la rata. Los estudios de la nutrici6n demuestran que los aceites de pescado, aunque pobres en AGE, tienen una actividad en AGE. El 
conocimiento de la distribution y concentradon relativas de Addos grasos mitocondriales del pescado, mamiferos y aves podria indicar si d 
pescado concentra los AGE en sus mitocondrias o si eraplea los homdlogos superiores con varios enlaces no saturados para la funcion 
mitocondrial. 

Los ettcres metilicos de Addos grasos de mitocondrias aislados por centrifugacidn diferencial f ueron analizados por oromatograf ia 
a travcs de gas y kquido. Las concentraciones de dtocrpmos mitocondriales se cakularon a partir de espectros de diferencia (Table I). 

La insaturaddn de los Acidos grasos mitocondriales aument6 como sigue: higado de polio < corazon de buey < higado de rata < 
higado de bagre < higado de carpa < higado de salmon < corazon de salmon. A los Acidos linoleico y araquiddnko correspondi6 el 22,3 ; 
51,6; 45,2; 4,5; 20,6; 4,9 y 2,7 %de los Adto grasos totales en lospitpaiadosu^ Elaodo linoleico era indeterminable 

en las mitocondrias del higado de polio, corazon de buey, higado de rata e higado de bagre. Las relaciones molares de AGE a citocromos c 
variaron de 70 a 1.051. En general, las mitocondrias del pescado eran pobres en Addos grasos esendales totales, pero contcnian fuertes 
oonoentradones de Acidos grasos C*.. y C M!i (Table II). La mitocondria del higado de polio tambien contenia un Addo de varios enlaces 
dobtes C: (2,6%), Hacido tim>leico mitocondrial era escaso en el ^ 



en eihioadom bagre. Las 0K>dalkiadefde los Acidos msosmitocondfiatesm 

foja y foca pctetera eran anAbgas a las de lot peccs. Lai pnncipakt diferenctas conustian en promedios mas bajot de Acidos grasos totales, 

ycMtidadessuperkjrodetadosestearicc^ 
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* indtcan que las mitooondrias del pefcado no neoesitan forzosamente lo Atidot linotekx) o linottnico; al pareoer, 

lot peces no conoentran AOE en las mitocondrias; y los AGE no deaempeflan ninguna funci6n en el tnmsporte de etoctronet mitocondriatei. 
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TABLE I 

Cytochromes 



Mitochondria 




Moles jmg. protein 


x 10 10 






a c 


a 


Cormorant liver . 




10 M 


1-4 


Catfish liver . 




19 1-7 


2-9 


BluegUl liver 




1-2 1-2 


1-6 


Stripped Bass liver 




0-2 0-3 


0-3 


Starry Flounder liver 




0-8 0-5 


M 


Seal liver . 




0-8 0-8 


1-2 


Rat liver 




1-0 1-7 


1-8 











TABLE II 



Mole % 


Fatty 








acid 


Fish 


Marine birds 


Seal 


18 :0 


2-8 0-9 


18-4 1-7 


182 3-0 


18 :2 


0-6 0-8 


4-0 2-2 (2-4 0-7) 


5-3 3-2(2-0) 


20:4 


3-4 0-9 


13-9 5-2 


14-2 0-1 


20 :5 


9-0 1-2 


10-6 3-7 


13-3 3-1 


22:6 


16-8 2-1 


7-8 4-3 


8-4 2-3 



DISCUSSION 

On DR. LOVERN'S paper, DR. F. KINO (U.S.A.) observed: The 
correlation between actomyosin denaturation and the rate of 
hydrolysis of lipids is most evident in cod. It is not clear in 
dogfish, sole and halibut. I suggest that, if the data in Lovern's 
Table XXI were to be recalculated on the basis of the weight 
of free fatty acids to weight of actomyosin, rather than as the 
weight of fatty acids as a percentage of the total lipids, the 
relationship for these other three species might be improved. 
The phospholipid content in different species of fish varies 
within very narrow limits. Would the correlation between 
protein denaturation and free fatty acids be improved, if only 
the free fatty acids from phospholipids were to be considered? 
DR. J. A. LOVERN (U.K.): Rates of protein-denaturation vary 
considerably in different species. It is not certain that plotting 
free fatty acids against actomyosin would give different results 
than could be expected from plotting free fatty acids against 
total tissues. Only in the case of cod is the relationship 
established for the effect of different temperatures on the rate 
of denaturation of actomyosin. The data in Table XXI of my 
paper refer only to frozen storage, and not to storage at any 
temperature above freezing. The rate of freezing is very 
important in determining the rate of denaturation. Very rapid 
or very slow freezing has the greatest effect on denaturation. 
Also a very rapid or very slow rate of freezing hydrolysis of 
lipids is greatest. 

DR. H. L. A. TARR (Canada): Has Dr. Lovern been able to 
prepare either cell-free (soluble) or "paniculate" lipase of 
phospholipase enzymes from fish muscles? It would be a 
mistake to interpret the heat inactivation of any activity 
whatsoever as if it were always an activation of an enzyme 
(e.g. Bank's early work on oxidation by the supposed lipoxi- 
dase in herring muscle). 

DR. J, A. LOVERN (U.K.): My work has been concerned with 
changes in the tissue. Some preliminary experiments with 



enzyme extracts were abandoned, when I found that inhibition 
by the bacteriostatic agents used (chloroform and toluene) was 
serious over the length of incubation periods involved. The 
phospholipase of fish muscle was very resistant to heat ; it was 
scarcely affected at all by 30 minutes in a casserole in steam, 
whereas it was completely destroyed in 90 minutes. I have no 
information, however, on the heat stability of any lipoxidase 
which may be present. 

DR. G. HAMOIR (Belgium): In regard to the significance of 
lipid hydrolysis, the correlation suggested by Canadian 
workers between the lipid hydrolysis and the denaturation of 
actomyosin is, in my opinion, improbable. When fish acto- 
myosin or myosin are isolated from muscles which have a 
high content in lipids, the preparations which I get contain 
small amounts or no lipids, and appear less stable than the 
corresponding preparations obtained from warm-blooded 
vertebrates. There is thus no experimental evidence of some* 
what stable associations between lipids or phospholipids and 
actomyosin. The quicker denaturation of fish muscle seems 
to be due to the lower stability of the internal cell structures, 
which is in turn due to the lower content in stroma proteins 
and to the instability of the protein itself. In the showing 
contraeituig, the two processes are probably largely indepen- 
dent: the denaturation observed in this case is very quick, 
\vhile the liberation of fatty acids is much slower. 

On DR. OLCOTT'S paper, MR. R. SINNHUBER (U.S.A.) asked: 
Could carbonyl be responsible for tissue damage and for 
vitamin loss? 

DR. H. S. OLCOTT (U.S.A.): These compounds could result in 
the loss of lysine and other labile constituents. 
DR. T. KANEDA (Japan): I have found that the toxicity of 
unsaturated fatty acid is due to the presence of peroxide which 
is capable of inactivating enzymes in mitochondria. 
DR. K. J. CARPENTER (U.K.): The lipids in fish meal were 
always oxidized; feeding rats on fish meal has never resulted 
in the production of toxic symptoms, even when meals con- 
tained highly oxidized fats. 

DR. H. S. OLCOTT (U.S.A.) : I did not mean to infer that meals 
containing fats are always toxic except within the limits given 
in my paper. The highly toxic peroxides are removed from 
fish meal during processing, and only dinners and polymers 
remain. Variations of animals fed on such fish meals have 
proved that these dimerized and polymerized fish meals are 
quite safe. I mention this solely in order that people may 
know that these constituents are present in the meal. 
DR. T. KANEDA (Japan): When oils were removed from fish 
meal with a mixture of benzene and methanol, and the solvent- 
free oil fed to rats, the animals died. 
MR. M. . STANSBY (U.S.A.): If carbonyls, which are sup- 
posed to be toxic, are so ubiquitous, can they really be as toxic 
as has been assumed, or are hydroperoxides the real toxic 
agents? 

DR. H. S. OLCOTT (U.S. A.): This is not yet certain. There is 
some evidence that carbonyls can act as pro-oxidants. If this 
is true, they can form hydroperoxides. 
DR. L. E. OUSTERHOUT (U.S.A.): When meal is very fresh, it 
has proved to be toxic: but this toxicity disappeared upon 
storage of the meal. This probably corresponded to the high 
initial peroxide values, reported earlier, which decrease on 
further storage. Moreover, if the fats oxidized rather than 
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polymerized, digestibility was much higher and might be only 
slightly impaired. In both cases this could proceed without 
residual toxicity. 

DRS. B. C. GUHA (India), J. . HALVER (U.S.A.) and K. H. 
MADDY (U.S.A.) agreed on the toxicity of meal, and requested 
that investigations be made on the effect of different methods 
of producing toxic effects in oil. They stated that toxicity of 
oils could be due to the destruction of tocopherols, and sug- 
gested that future studies on the toxicity of meal be made at 
low levels and for extended periods of time. Dr. Maddy 
indicated that, in an experiment where linoleic acid was 
injected together with an antioxidant into chickens, the 
animals thrived. When, however, the antioxidant was 
removed, the chickens showed toxic symptoms. 

On DR. HOLMAN'S paper, DR. I. W. MCDONALD (Australia) 
asked : Will Dr. Holman comment on the use of dialysis for the 
separation of phospholipids from other lipids? 
DR. R. HOLMAN (U.S.A.): I have no specific experience with 
these diaphragms; but Dr. Peifer has reported that they work 
very well. 

DR. G. HAMOIR (Belgium): It seems to me that the influence 
of lipids on the solubility of actomyosin has been exaggerated; 
this opinion is confirmed by several observations which we 
have made. In work with rabbits, we find that fat is located in 
droplets, and is not in close contact with all the parts of the 
muscle cells. In making separations such as those of Dr. King, 
it was found that during centrifuging the oil rises to the top as 
a separate phase. It would seem, then, that except in artificial 
systems, such as in an experimental model, there may be little 
effect upon actomyosin solubility. 

DR. F. J. KINO (U.S.A.): It is hard to extrapolate conclusions 
from model systems to muscle, because there is very little 
information on the biochemistry and histology of fish muscle 
cells. We have given Dyer's theory a critical test in our model 
systems, and have found experimental support for his theory. 
DR. J. A. LOVERN (U.K.): I cannot agree with Dr. Hamoir. 
So far as I know, the fat which separates upon centrifuging 
occurs only with oil from depots in fatty fish; this does not 
occur with lean fish, such as cod, with which Dr. King worked. 
Phospholipids do not rise to the top of the centrifuge. 
Besides, Dr. King was talking about free fatty acids; whereas 
Dr. Hamoir referred to the whole oil, which is an entirely 
different matter. 

DR. G. SIEBERT (Germany): How was the fatty acid added to 
the protein? Did the presence of surface active agents change 
the picture? Was any comparison made, using saturated fatty 
acids, and were antioxidants used? 

DR. F. J. KINO (U.S.A.): We added the acids volumctrically 
with gentle blending to aliquots of actomyosin extracts. The 
contents of a sealed vial of fatty acid (Nutritional Biochemical 
Corporation) were used immediately. 

When added in concentrations equivalent to the fatty acids, 
esters and non-ionic surfactants did not precipitate actomyo- 
sin. 

We also tried oleic acid. The results followed the same 
pattern in regard to degree of unsaturation mentioned in our 
paper for linoleic and linolenic acids. However, oleic acid 
tended to solidify during the storage period. 

We did not use antioxidants. 

DR. R. SINNHUBER (U.S. A.): During a four-day period of 
reaction there must surely have been considerable oxidation. 
DR. R J. KINO (U,S.A.): This may be possible. I doubt that 
it would have much effect, since linoleic add, instead of lino- 



lenic acid, produced more insoluble actomyosin in 4 days at 
4C Furthermore, their esters were ineffective under the same 
experimental conditions. 

DR. G. HAMOIR (Belgium): I do not believe that there is a 
causal relationship between fatty acids and actomyosin 
extractibility. The content of fat in fish muscle is usually 
higher than that of rabbit muscle. The extractibility of fish 
actomyosin is always much greater than the extractability of 
rabbit actomyosin. If fish muscle extracts are made from 
mullet or carp red muscles, which contain large amounts of 
lipids, and if the residue is removed by centrifugation, then a 
large amount of lipids separates from the protein at the top 
of the centrifuge tubes. The lipids which do not separate 
under these conditions appear from electrophoretic results to 
be associated with the proteins remaining in solution at low 
ionic strength, and not with actomyosin. On the other hand, 
the differences observed between cod and rabbit actomyosin 
are obviously due to differences in the proteins themselves. 
This difference has been already shown by Connell in the case 
of myosin, and larger differences are probably to be expected 
in the case of actin. 

DR. F. J. KINO (U.S.A.): Connell has shown that cod acto- 
myosin is much less stable than rabbit actomyosin. He has 
not published any other direct evidence to demonstrate a 
difference between cod and rabbit actomyosin molecules. 
Therefore, I suggest that the difference in stability might be 
due to species difference in the composition of fatty acids 
extracted with the actomyosin. It is also possible that the 
muscle of fatty fish contains an agent which solubilizcs 
actomyosin. 

Summing up this discussion, MR. J. S. McGowxN (U.S.A.) 
stated that in his view the earlier papers and ensuing discussion 
clearly showed the importance of a close study of proximate 
composition. But this is not enough. Industry and nutritionists 
need a refinement to the total constituents in each important 
fish, including amino acid content, vitamin content, and 
composition of fish lipids. It would also be helpful to know 
these things about the product as it reaches the consumer. 
Knowledge of the part that these components play in furnish- 
ing the minimum daily requirements for maintaining food 
health would be extremely useful to nutritionists of the world. 
More research should be done in this direction, and provisions 
should be made for publicizing the information, possibly 
through the creation of a data-collection and dissemination 
center. 



SENIOR HERNAN CABALLERO (Chile), commenting on the need 
for training courses, offered the facilities of the Centro 
Nacional de Capacitation (National Training Center) and the 
Experimental Station of the University of Concepcidn and the 
Ministry of Agriculture in Chilian, Chile. 

He took the occasion to point out that numerous inter- 
national courses had been held in this Center under the 
auspices of various international organizations, including the 
FAO, the OAS, and the Rockefeller Foundation. 

Moreover, there were 28 industrial establishments in the 
vicinity of Chilian that were devoted in one way or another to 
preparing marine products. 
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Section 3 : INFLUENCE OF PROCESSING 

THE INFLUENCE OF REFRIGERATION AND CANNING ON THE 

NUTRITIVE VALUE OF FISH 

by 
F. BRAMSNAES 

Consumption of canned or frozen fish in nutritionally depressed areas, though small today, seems likely to increase as nutritional 
significance of these products is recognized. 

The author reviews studies on nutritional influences of chilling, freezing and canning. In most cases, he also deals with acceptability 
of products from these processes. In addition, the nutritional prospects for fish offal are discussed. 

He finds that the nutritive value of chilled fish does not change significantly, but the degree of acceptability does. The author touches 
on the need for lower-keeping temperatures once fish is landed, particularly for those areas where fresh fish is unknown only a few mites 
inland. 

In spite of the boom in frozen products since World War II, few data are found on nutritional changes due to freezing. The known 
(and generally slight) nutritional losses are reviewed. The author discusses organoleptic changes occurring during freezing and storage that 




i point of view, 

, . _ . . nutritional losses. 

Mention is made of protein and vitamin content of fish bones and viscera, the recent development of fish-meal plants on board ship, 
and prospects for reducing nutritional wastage by inexpensive methods of making fish meal. 

INFLUENCE DE LA REFRIGERATION ET DE L'APPERTISATION SUR LA VALEUR NUTRITIVE 

DU POISSON 

La consommation du poisson congele ou conserve en bolte dans les regions sous-alimentees, encore restreinte, semble desttnee a 
s'accroltre en meme temps que sera rcconnue I'lmportance alimentairc de ces nroduits. 

L'auteur passe en revue les etudes concernant I'lnfluence nutritionneue du refroidissement, de la congelation et de la mise en bottc. 
Dans la plupart des cas, il examine dgalement I'acceptabilite des produtoobtenus par ces methodes. En outre, il considers les possibilities 
alimentaires des dechets du poisson. 

II mpntre que la yaleur nutritive du poisson refroidi ne chaage pas d*une facon significative, mais que son acceptability change. 
L'auteur soulignc la necessity d'utiliser des temperatures de conservation plus basses apres debarquement du poisson, en particulier dans les 
zones ou le poisson frais est inconnu a quelques milles seulement du bora de la mer. 

En dcpit du "boom" sur les produits congeles depuis la Secondc Guerre Mondiale, on n'a reuni que peu de donnees sur les change- 
ments nutritifs dus a la conflation. On examine fc* pertes nutritives connues (et gendralement faibles). L'auteur commente les changements 
organoleptiques qui apparaissent durant la congelation et le stockage et qui affectent 1'acccptabilitc. II mentionne des dtudes sur la denatura- 
tion des prot6incs, la dessication, le rancissement, le noircissement et les changements chimiques. 

L'auteur passe en revue les resultats exp6rimentaux de base qui montrent que les produits conserves en bolte donnent une satisfaction 
parfaits du point de yuc alimcntaire; il discute la perte en proteines (au cours de la pre-cuisson, par diffusion dans le liquide et par alteration 
thermiqueX la retention des vitamines et les methodes qui pcrmettent d'tviter des pertes en elements nutritifs. 

II mentionne la teneur en proteines et en vitamines dans les artes et les visceres du poisson, les dtveloppements recents des installa- 
tions a farine de poisson & bord des navires, et les rechcrches pour reduire le gaspillage des aliments par des methodes peu couteuscs de 
fabrication de farine de poisson. 

EFECTO DE LA REFRIGERACION Y ENLATADO EN EL VALOR NUTRITIVO DEL PESCADO 

El consume de pescado enlatado y congelado en los paises en los que escasean los alimentos es actualmente pequefio, pero probable- 
mente aumcntara segun se vaya reconociendo la importancia nutritiva de estos productps. 

El autor resefta estudios de los efectos que en el valor nutritive tienen el enfriamento, congelation, y enlatado. En casi todos los 
casos se ocupa tambicn de la aceptaci6n de productos obtcnidos por estos tratamientos y examina las posibilidades que tienen las visccras de 
pescado en la nutrici6n. 

Juzga que el valor nutritivo del pescado enfriado no cambia mucho, pero lo hace el grado de aceptabilidad. Menciona la necesidad 
de mantcncr temperaturas mas bajas cuando el pescado llega a tierra, particularmente en los lugares en que el fresco es desconocido a unas 
pocas millas de la costa. 

A pesar del rapido desarrollo de los productos congelados desdc la scgunda guerra mundial, existen muy pocos datos sobre los 
cambios nutritivos causados por la congelaci6n. Se rescftan las perdidas conocidas, generalmente ligeras, del valor nutritivo. El autor 
discute los cambios organolepticos que ocurren durante la congelaci6n y almacenamiento e influyen en la aceptabilidad. Menciona estudios 
de los fendmenos de desnaturalizaci6n de la proteina, desecaci6n, rancidez, melanosis y alteraciones quimicas. 

El autor resefia los resultados expenmentales basicos que muestran que los productos enlatados dan satisfacci6n del punto de viste 
alimentario, y discute las perdidas de proteinas (en la precoccidn, por difusfon en el Ifquido y por efecto del calor), retencidn de vitaminas y 
como evitar la perdida del valor nutritivo. 

Menciona el contcnido de proteinas y vitaminas en las espinas y visccras del pescado, la reciente instalaci6n de fabricas de harina de 
pescado a bordo de los barcos y la perspectiva de reducir la peraida de elementos nutritivos encontrando metodos baratos para fabricar la 
harina de pescado. 



FEW people depend upon a single food to supply However, a closer study of diets in various areas of the 

their dietary needs. In general, fish constitutes world has revealed that many diets are deficient in certain 

only a small percentage of the daily diet and its vitamins and essential amino acids. Fish, even in small 

nutritive importance seems comparatively small. quantities, may make up for these deficiencies. More- 
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over, in sections of our globe where severe malnutrition 
and even hunger are facts, even small variations in the 
nutritive value of all components of the diet are of 
interest. 

The consumption of canned and frozen food in these 
sections is of minor importance today. However, this 
situation may change in the future, and the nutritive 
value of these types of fish products may become of 
rising importance. 

A detailed report at this Conference on the influence 
of canning and freezing is in effect unnecessary, because 
the subject has recently been reviewed (25). In this re- 
view fish products and closely related meat products 
have been excellently dealt with by Tarr, and by Lush- 
bough and Schweigert. 

The present paper will deal, not only with the nutritive 
value, but also with the acceptability of the products. 

Statistics 

In Table I are given the latest FAO figures on the rela- 
tive importance of refrigerated and canned products in 
the world. 



TABLE I 

T|KA Mkl A 44.A !. n J ll Mil *Jt rtJ'.J * all M.*J| m*~ fl-j. 4_- |L n *mm~lA 

IDC reoinvc miporMUicc 01 reinscniico oa cammi IHD in roe wono 

(FAO ^Yearbook of Fishery Statistics, Vol. XI, 1959) 

7955 7957 7P59 

million metric tons 



World total catch 


. 28-4 


30-8 


35-3 


Marketed fresh . 


. 12-4 


13-2 


15-0 


Utilized for freezing . 


1-9 


2-4 


3-0 


Utilized for canning 


2-5 


2-9 


3-1 



CHILLED FISH 
Nutritive value 

Significant losses in thiamine occur during storage of 
fresh fish, if the fish contains thiaminase. This enzyme is 
present in many fresh water fishes and in a few salt 
water species, e.g. in the North Atlantic herring (Clupea 
harengus). 

Few data are available on the amount of water- 
soluble vitamins carried away with the melting ice during 
storage of chilled fish. Novak et al. (42) found that 
there is a gradual reduction in the B-vitamin content of 
shrimps during ice storage. The losses amounted to 
about 10-40 per cent during 11 days' storage. 

During storage of chilled fish, the melting ice also 
removes some amino acids and water-soluble proteins. If 
the fish stay from 10 to 14 days in ice, about 3 per cent 
of the total proteins may be lost (S, IS, 17). If the fish is 
under heavy pressure, as it is in the lower part of a trawler 
hold, a loss in the total weight of fish will also occur, 
amounting to about 8 per cent for cod after 17 days in 
ice (IS, 19). Only small weight losses, or even slight 
gains in weight, are found when fish are iced in boxes. 

Apart from the above-mentioned losses, chilled fish 
are not known to alter significantly in the strict nutri- 



tional sense. In his preceding paper, Bramstedt has 
mentioned the important chemical changes in proteins, 
peptides and amino acids which fish undergo during 
chilled storage. It would be interesting to know the 
nutritional significance of these changes. 

Acceptability 

The degree of acceptability, however, undergoes con* 
siderable change during chilling of fish. 

Well-iced fish stay edible from S to 20 days after 
catching, depending on the species. At the later stages 
of its storage life, the fish has deteriorated so much that 
most people, if they have the choice, will not eat it. The 
limiting factors in lean fish are the formation of volatile 
nitrogen bases (ammonia, trimethylamine, etc.) and 
putrid odours. In fatty fish the development of rancidity 
is important and may even be the limiting factor (13). 

In most cases the quality of the fish is satisfactory at 
the point of landing. In the past, distant water trawlers 
quite often did land subgrade or "borderline" fish, but 
improvements have been introduced in many instances. 
The results of excellent Canadian and British research 
work have made clear the relative importance of the 
various steps in the handling of fresh fish. This new 
knowledge has chiefly resulted in better icing techniques 
and more rational construction of fish rooms. 

While the landed quality is generally satisfactory, this 
does not apply when the fish are distributed to inland 
consumers; here there is a great need for betterment to 
make fresh fish much more acceptable. Even in in- 
dustrially well-developed countries, facilities for trans- 
portation and retail sale are often grossly inadequate. 
Much more advantage could be drawn from our know- 
ledge that only a few degrees' difference in temperature 
has a great influence on the keeping quality of fresh 
fish. Improvement is called for, particularly with the 
aim of obtaining lower temperatures in the fish through- 
out the chain from fishing vessel to family kitchen (12). 
In many less-developed areas of the world, fresh fish is 
unknown a few miles inland. More extended use of ice 
and refrigerated transport would make good quality 
fish available to many people now lacking animal pro- 
teins. 



FROZEN FISH 

Among the various fish products offered for human 
consumption in recent years, the group of frozen products 
have had by far the most spectacular development. 
From practically nothing before World War II the 
quantity has risen to about 1,500,000 tons in 19S9. 



Nutritive 

In spite of the large-scale commercial application of 
freezing, only a few data are available on changes in 
nutritive value during freezing and frozen storage of 
fish. 
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Proteias 

The changes appear to be slight and mostly connected 
with losses of nutrients in the drip which is produced 
during thawing. The drip is 5-1 5 per cent of the total 
weight depending on the quality of the frozen fish. Fish 
which have been stored several days before freezing 
produce more drip than fresh-frozen fish. Frozen fish 
stored for a long time, or stored at high temperatures, 
exude more liquid when thawed than fish stored for a 
short period or at low temperatures. The same applies 
to slow-frozen fish versus quick-frozen fish (41). 

The proteins offish denature during freezing and frozen 
storage. The denaturation is accompanied by a decrease 
in salt-soluble protein (48). The rate of decrease dimi- 
nishes if the storage temperature is lowered (18). 

The denaturation does not seem to alter the nutritive 
value of the proteins. Dunn et al (16) published the 
results of amino acid analyses carried out in two different 
laboratories on identical samples of the edible portion of 
fresh, raw, freeze-dried and frozen Pacific sardines (Table 
II). The samples were stored for 44 days. 

TABLE II 

Percentages of amino adds in identical sardine samples assayed is* 
two laboratories (calculated as percentage of dry weight) (fo) 

Fresh (Acid 
Hydrolyzate) 1 Freeze-dried* Frozen* 

Amino acid A 9 B* A B A B 

Arginine 

Aspartic acid 

Glutamic acid 

Olycine 

Histidine 

Isolcucinc 

Leucine 

Lysine . 

Methionine 

Phcnylalaninc 

Thrconine 

Tryptophan 

Valinc . 



3-1 


3-1 


2-9 


3-1 


2-9 


3-2 


5-1 


_ 


4.7 





4-8 





7-0 





6-7 


__ 


7-1 





2-9 


_ 














3-0 


2-9 


2-8 


2-7 


2-8 


2-8 


2-7 


2-7 


2-5 


2-5 


2-6 


2-5 


4-1 


3-9 


3'8 


3-8 


3-9 


3*8 


4-6 


4-3 





4-3 


4-5 


4-4 


1-7 


1-3 


1-5 


1-5 


1-6 


1-6 


2-1 


2-1 


2-0 


1-9 


2-1 


2-0 


2-4 


2*6 


2-2 


2-4 


2-3 


2-4 


0-5 


0-5 


0-6 


0-4 


0-6 


0-4 


3-0 


3-0 


2-9 


2-7 


2-9 


2-8 



1 Samples prepared at University of California, Los Angeles. 

1 Samples prepared at University of California, Los Angeles, but 
hydrolysed independently in the two laboratories. 

* Microbiological assays carried out at: (A) University of Cali- 
fornia, Los Angeles, (B) University of Wisconsin. 



The treatment had no significant effect on the amino 
acid composition of the materials. These results, ob- 
tained after a chemical hydrolysis of the protein, do not 
prove that the biological value is unchanged. However, 
it is generally considered that this is so. The Norwegian 
Fisheries Research Institute compared frozen cod fillets 
with raw and cooked fresh cod meat in rat experiments; 
they found, in all cases, that digestibility and net protein 
utilization were of the same order, about 100 per cent 
and about 80 per cent respectively (40). 

Vitamins 

Provided that oxidation of the fats is prevented, vitamin 
A is stable during freezing and storage. Booher et al (7) 



found the same content in raw and frozen oysters. No 
data seem to be available on vitamins D, E and K. 

Some losses of B-vitamin occur in the storage of 
frozen fish, but the overall retention is good. Pyke and 
Wright (47) found 80 I.U. per 100 g. frozen salmon, 
but only 10 1.U. per 100 g. canned salmon. 

Hoogland (27) determined thiamine, riboflavin, niacin, 
pantothenic acid and cobalamin in cod and haddock. 
He examined raw fish and fillets, unfrozen, fresh-frozen 
and stored 1, 3 and 6 months. He found a considerable 
variation in the vitamin content of one type, but no 
significant difference between the values for fresh and 
frozen fish. 

The results from experiments with meat may be of some 
guidance. Lehrer et al. (32) reported that pork chops 
stored for 6. months at 18C and -26C retained 
60 per cent of the thiamine originally present, 69 per cent 
of the riboflavin, and 100 per cent of the niacin. No 
significant differences in retention were observed for 
the two temperatures. Westerman et al. (56) found a 
thiamine retention in pork of 80 per cent and 67 per cent 
after 8 and 24 weeks at -18C, and slightly higher 
valuetfor riboflavin, niacin and pantothenic acid. 

There has been little work published on the loss of 
vitamins in the drip. Again meat may serve as an example. 
Pearson et al. (44) reported that approximately 12 per 
cent of the thiamine, 10 per cent of the riboflavin, and 
IS per cent of the niacin were lost in the drip from frozen 
beefsteaks. 



Z Acceptability 

In contrast to the favourable position of frozen fish 
regarding nutritive values, there are many problems 
connected with the organoleptic changes which this type 
of food undergoes during freezing and storage. 

The denaturation of the proteins, already mentioned, 
is perhaps the most serious change, because it seems so 
difficult to control. No explanation of the mechanism 
behind it has yet been given. The organoleptic changes 
are dryness and toughness, by which frozen fish are 
easily distinguished from fresh fish. The influence of 
temperature can be seen from Fig. 1 (18). His experi- 
ments seem to indicate that temperatures below 25C 
would solve the problem. This is not the case, however, 
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Fif. 1. Influence of storage temperature on gait extractablc protein 
of frozen cod from 10 to 153 days storage (Dyer, 1954) 
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since alterations in the proteins (which are apparently 
not measured by the decrease in salt solubility) take 
place eten at -25C (26). However, if -25C to 
30C were used in handling and storage of frozen 
fish instead of 18C, which is common today, a large 
part of the denaturation problem would be solved. At 
the same time the industry would solve its problems of 
rancidity. As early as 1945, Banks (4) pointed out that 
temperatures of about 30C are necessary for safe 
storage of frozen herring. Normally rancidity is con- 
sidered to be a problem only with fatty fish. However, 
oxidation, which is the cause of rancidity, is at least 
responsible for one other change, namely bleaching of 
pigments. In frozen shrimp this bleaching is followed 
by a loss of flavour. 

Desiccation is also a problem. It enhances both 
protein denaturation and oxidation. Fish stored un- 
wrapped are normally glazed. An antioxidant glaze 
containing ascorbic acid is somewhat more effective than 
an ordinary water glaze (46, 52). Desiccation is mini- 
mized by designing cold storage rooms which will main- 
tain a high relative humidity in the air. For this purpose, 
jacketed storage rooms have been built in several 
countries (28). 

When frozen fish are packed in cartons, in-package 
desiccation will occur during storage. With completely 
filled packages this is not a serious problem; but with 
many products complete filling is not possible. Measures 
of preventing rancidity and bleaching, when sufficiently 
low temperatures are not available, are the use of anti- 
oxidants or packing in vacuum or in an inert gas. Tarr 
(SO) recorded favourable results from the use of ascorbic 
acid as an antioxidant. It is used in practice today in 
Canada, where an ascorbic acid-carrageen glaze is used 
on frozen salmon fillets (S3), and in Denmark, where an 
ascorbic acid dip is used in the frozen trout industry (8). 
For cleaned, frozen trout, a dip of 1 minute in a J per 
cent solution is sufficient to retard the onset of rancid 
flavour and the treatment leaves no off-taste from the 
acid (10). One of the most positive methods of prevent- 
ing rancidity is by exclusion of oxygen (11,51). Vacuum 
packing in plastic foil bags will prevent both fat oxida- 
tion and in-package desiccation (9). So far this method 
of packaging is commercially used for shrimp and trout 
with success. 

An alteration, which also effects the acceptability of 
some frozen products, is the occurrence of "black spot" 
in crustaceans. Investigations by Fieger et al (20) have 
shown that an enzymatic oxidation reaction is the cause 
of the discoloration, and that changing the redox 
potential by adding small amounts of bisulphite will 
prevent "black spot". 

Finally it should be stressed that much more funda- 
mental work needs to be done regarding the mechanism 
of fat oxidation in fish and the changes in proteins. Such 
work might also explain why the flavour of most frozen 
fish is Wand and insipid compared with that of fresh 
fish. During storage the insipidity is changed into what 



best may be called "frozen fish flavour". Tanikawa and 
Motohiro (49) have found chemical differences between 
fresh and frozen fish. 

CANNED FISH 
Nutritive value 

About 25 years ago it became an established fact that 
canned food is rich in nutritive value and, on the whole, 
as good as food prepared by the housewife from the same 
raw materials. 
Some of the basic experiments from that period were: 

(1) Kohman et al. (29), feeding canned food ex- 
clusively to rats up to the tenth generation and to 
guinea pigs up to the eighth generation, found that 
canned food could satisfy all the nutritional require- 
ments. Among other things they examined reproduction 
and bone formation. In repeated experiments they 
compared canned food with home-prepared food, and 
found that processed food led to even better growth and 
reproduction than the home-prepared food. 

(2) During the French East-Greenland expedition in 
1932-33 the 15 men in the team lived for 13 months 
mainly on canned food suitably selected. None of the 
men showed any vitamin deficiency symptoms (37). 
The existence of the "maladies des conserves", as asserted 
by Charcot, was thus denied. 

(3) Machebouef et al. (36) fed rats solely on canned 
food through 14 generations, and recorded fully satis- 
factory growth in every respect. The same results were 
obtained with guinea pigs through 4 generations. 

Since these basic experiments were carried out, the 
fractionation of the vitamin B complex has been accom- 
plished, and methods for the determination of the various 
B-vitamins have been developed. Moreover, our 
nutritionists have improved their methods of estimating 
the biological values of proteins. The need for further 
work on canned food in nutrition was, therefore, clearly 
emphasized. 

Proteins 

The loss of proteins can be due to three possible causes, 
namely pre-cooking, diffusion into the liquid in the can, 
and heat destruction. 

Pre-cooking in steam or in water is common in fish 
canneries. No data are available on the extent of protein 
and vitamin losses in this operation. 

Loss by diffusion is of secondary importance, because 
of the coagulation of the proteins by heat. However, 
the non-coagulative proteins will diffuse into the liquid. 

The extent to which the proteins are damaged by the 
heat used in canning is still a subject of research. 

At least two types of reaction are of interest : 

(1) Certain amino acids, for instance lysinc, will react 
with other parts of the proteins to form intennolecular 
configurations from which acid hydrolysis will release the 
amino acids involved, while enzymes will not. Analytic 
methods using acid hydrolysis will, therefore, not give a 
true picture of the biological availability of a protein 
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damaged this way. Many earlier investigations of heat 
changes in proteins will consequently have to be re- 
evaluated (3). 

(2) Amino adds may react with reducing sugars with 
resulting destruction of the amino acids (Maillard). 
Acid hydrolysis will not regenerate the amino acids in 
such cases. If casein is refluxed for 24 hours in a S per 
cent glucose solution, very significant losses of lysine, 
arginine and tryptophan will occur (43). 

In a collaborative project, Neilands et al. (39) and 
Dunn et al. (16) have investigated the amino acid 
content of several canned fish products, and compared 
it with results from the raw material used. They con- 
cluded that commercial heat processing will not destroy 
significant amounts of amino acids found after acid hydro- 
lysis other than cystine, which is not an essential acid. 
Previously Lopez-Matas and Fellers (33) compared the 
amino acid contents of frozen and canned swordfish. 
They found no difference. Beuk et al. (6a) studied the 
effects of prolonged heat treatment (24 hours at 1 12C) 
on raw and cured pork. After acid hydrolysis there was 
retention of all amino acids except cystine. The above 
analyses of canned fish seem to indicate that the Maillard 
reaction in the products examined does not seriously 
impair the nutritive quality of the proteins. However, 
for the reasons already stated above, these experiments 
employing acid hydrolysis do not give information about 
availability of proteins to humans or animals. On this 
subject only a few data seem to be available regarding 
canned fish. Fontaine and Cannepin (21) compared 
home-cooked meat and fish with the corresponding 
canned products. The in vitro digestibility was very 
nearly the same in the two cases if cooking time was 
less than 6 hours. 

Several experiments have been carried out on meat. 
In these it was demonstrated that slight reductions in 
the availability of lysine, methionine and tryptophan 
from meat proteins may occur during the normal heat 
processing of cans. The changes are correlated with 
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Fig. 2. Effect of autoclavtng pork at 113C upon liberation of amino 
acids by trypsin and erepsin (Beuk et at., 1949} 



the amount of heat treatment to which the meat is sub- 
jected in canning (35). This decrease in protein value 
seems to be due in part to the destruction of certain 
amino acids and in part to lower digestibility. Beuk et al, 
(6b) found that the content of free amino acids present 
in the enzymatic hydrolyzate decreases during heating, 
and that individual amino acids are damaged to a varying 
extent (Fig. 2). The in vitro method has in the authors 9 
opinion a tendency to exaggerate the heat effect. 
Diminished protein value with increased heat treatment 
was shown also in experiments with rats. However, 
the experiments were not conclusive, because the animals 
receiving the heated proteins did not eat as much as 
those getting the raw products. 

Vitamins 

Higashi has already dealt with this subject in his paper, 
and 1 shall only add some supplementary information. 

The diffusion of water-soluble vitamins into brine 
and sauce is considerable, namely up to 30-35 per cent. 
We find a similar situation as regards the fat-soluble 
vitamins in products packed in oil. 

The destruction by heat of the fat-soluble vitamins is 
greatest for vitamin A and vitamin E, while the vitamins 
D and K are normally stable. Lunde (34) stressed the 
importance of excluding air from the can, and claimed 
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Fig. 3. Cross-sectional sampling of a 2-in. cylinder of meat mid- 
distant from ends of a 2-lb. can. Processed 148 minutes at 235 F 
(Greenwood et al., 1944) 

that vitamin A was well retained if access of air was 
prevented, while others (2, 38) have found significantly 
lower vitamin A values in canned fish compared with 
those of raw fish. The subject needs a further study. 
If differences between raw and canned fish are found, 
the obvious place to look for fosses is during the prepara- 
tion of the product before filling into the can. 

Among the water-soluble vitamins, C is known to be 
rapidly destroyed by heat in presence of air; but it is 
almost totally preserved if oxygen can be excluded 
during canning. 
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Among the B-vitamins, thiaminc, inositol and folio 
acid are heat sensitive, and losses are incurred during 
canning. Higashi has given us the results of some 
Japanese experiments where vitamin B x is lost to the 
extent of 70 per cent. Others report similar results. 
Table HI shows an experiment by Lamb et al (31). The 
sardines were steamed while in the cans, and the exuded 
water was then replaced by tomato sauce. In products 
in which the heat penetration is slow during retorting 
of the cans, the heat-labile B-vitamins are least 
damaged in the centre of the can and most damaged 
near the can wall. Fig. 3 (22) shows a typical example. 

TABLE III 

Chun* fa B-vitwnins dving canning of sardinei (31) 
Dry 





solids 


Thiamine 


Riboflavin 


Niacin 




A. 


rng./ 
100 g. 


mg.l 
100 g. 


mg.l 
100 g. 


Raw .... 


17-2 


0-003 


0*430 


7-69 


Steamed, 45 min. 


19-3 


0-073 


0-339 


7-68 


Steamed + tomato sauce . 


18-0 


0-068 


0-364 


6-90 


Processed, 58 min., 252F . 


18-0 


0-019 


0-349 


6-87 



The heat damage to vitamins and proteins during 
heat processing can obviously be reduced if shorter 
sterilizing time is employed. With products where the 
heat penetration is fairly rapid, high-short processing is 
advantageous. An interesting aspect in this connection 
is that, while the destruction of the vitamins follows the 
normal rate for chemical reactions (i.e. 2-3 times faster 
at 10C higher temperature), the lethal effect on bacteria 
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4. Effect of time and temperature on destruction of thiamine and 
typical bacterial spores (Greenwood et < 1944) 



of the same rise in temperature increases about ten 
times (14). Fig. 4 illustrates this. 

Under normal storage conditions canned food shows 
an excellent degree of stability against loss of vitamins. 
However, for maximum retention, canned food should 
be stored under cool conditions and, if under elevated 
temperatures, as short a time as possible. Little research 
has been done on canned fish. Komata et al. (30), 
investigating canned mackerel and tuna, found that 
during 6 months' storage at room temperature these 
products retained almost without any change their 
contents of riboflavin, niacin and B 18 -vitamin, while a 
considerable amount of thiamine was lost. 

Mention should be made of the extensive American 
work mostly on vegetables and fruits (23). In one of the 
experiments a study was made of the effect of 4, 8, 12, 
18 and 24 months' storage at 10, 18 and 27C (50, 65 
and 80F) on the ascorbic acid, carotene, thiamine, 
riboflavin, and niacin content of 32 different packs of 
11 different canned fruit and vegetables. In general, 
vitamin retention was reasonably satisfactory under 
practically all conditions of storage. Both time and 
temperature of storage had an adverse effect on the 
vitamin content of the canned foods, the degree of effect 
depending on the particular food and vitamin. Retention 
of ascorbic acid and thiamine was effected more markedly 
by temperature of storage than by the period of storage, 
while the reverse was true for riboflavin and niacin. Of 
the five vitamins investigated, carotene was least affected by 
storage conditions. Canned foods stored at 10C (SOT) 
retained a higher percentage of each of the five vitamins 
than those stored at higher temperatures. The minimum 
ascorbic acid retention observed at the end of 24 months' 
storage ranged from 48 per cent for apricots to 79 per 
cent for green asparagus; the minimum carotene reten- 
tion ranged from 70 per cent for yellow corn to 84 per 
cent for Alaska peas; and the minimum thiamine 
retention ranged from 46 per cent for green asparagus 
to 72 per cent for sweet peas. The lowest riboflavin 
retention observed at the end of the 2-year storage 
period was 27 per cent in green beans, while the lowest 
riboflavin retention observed in sweet peas was 77 per 
cent. The minimum niacin retention ranged from 71 per 
cent for green asparagus to 94 per cent for lima beans. 

Acceptability 

The subject will not be dealt with in the present paper, 
and the reader is referred to the voluminous literature 
on this many-sided subject. 

However, before passing on to the following chapter 
I wish to underline the fact that acceptability has hitherto 
played a far greater rdte in the trade in canned fish than 
has nutritive value. 

Fish offal 

Many species of fish are eviscerated and cleaned at 
sea, resulting in a 10-15 per cent weight loss. Higashi 
has already mentioned the fact that viscera may contain 
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appreciable amounts of vitamins, and the protein value 
of these parts of the fish is known to be high (54). 

Fish livers with a high vitamin content are normally 
saved, and the oil extracted either on board ship or after 
landing. A comparatively recent development is the 
use of small fish meal plants on board large trawlers, 
where viscera and trash fish are made into meal. 

The preparation of fish for processing results in large 
quantities of fish offal. The cleaning losses during 
canning, oysters and clams excluded, range from 25-40 
per cent (55). 

The amount of offal in filleting plants varies from 50 
to 70 per cent depending on species and season. The 
greater part of this offal could be used for human 
consumption, because it is as fresh as the parts of the 
fish used for canning and filleting. Ways of utilizing it 
would be to turn it into fish flour, fish paste, etc. 

From a nutritive point of view the offal falls into two 
groups, the bones and the rest, of which bones constitute 
by far the greater part. Fish bones contain about 16 per 
cent crude protein. The amino acid content of this 
protein is however, not "well-balanced", partly because 
it has a high content of glycinc. Almquist (1) estimates 
the biological value of connective tissue proteins (collagen, 
gelatin, etc.) to only 40 per cent of muscle tissue proteins. 
Practical experience of feeding fillet offal to mink 
indicates somewhat higher biological values. 

Today fish offal is widely used for making fish meal or, 
if the offal comes from lean fiqh, for direct feeding to 
fur animals; in this way its nutritive value is saved. 
However, much offal is wasted all over the world in 
places where it is impossible to collect enough for 
making fish meal. In many of these places the latent 
nutritive value of the offal could be saved by turning it 
into acid silage (24, 45). The capital necessary for 
installing and running such a plant is small. 
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The scope and importance of canning in the fishing industry is ihownby this aerial picture of one 

of the finest and most modem fish canning factories in the world situated in California Star-Kist 

Cannery, Terminal Island. Stnight-iine production sees the tuna cleaned, cooked, canned, aod cased 

ready for despatch and consumption. Photo: Courtesy Atlantic Qeean fisheries. 
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THE INFLUENCE OF DRYING, SALTING AND SMOKING 
ON THE NIJTRTTIVE VALUE OF FISH 

by 
C. L. CUTTING 

Hard curing by drying, lalting and/or smoking permits lengthy preservation of otherwise unusable fish, and widens its acceptability 
by conferring traditional flavours that are relished as condiment by many people. As transport improves with industrialization, preferences 
Change to milder cured products, that do not keep long and therefore require careful handling; but hard cures will long continue important. 



Curing affects nutritive value through losses due to: (1) trimming; (2) technological changes (mostly loss of water); (3) accidents usually 
combined with (2) in industrial loss; (4) escape of, and (5) damage to, various nutrients; and (6) damage on storage. The few data available 
suggest that processing loss (4 and 5) usually has relatively little effect on overall nutritive value including protein composition and digestibility. 



Asnsh is primarily a source of protein, loss of vitamins is less important than change in gross protein content due to the other factors. Nutri- 
tional quantity being in this instance more important than quality, technological assessment of these factors in close association with industry 
is needed rather than further nutritional data. Many traditional products fre habitually dark, oxidised, rancid, sandy, spoiled and insect* 
infested. Similarly mild cured products often deteriorate before consumption. If the quantitative nutritional significance of fish is to be 
raised appreciably, greater attention must be paid to (i) formulating and operating improved standards of quality of cured products related to 
people's likes and needs. Furthermore, priority should be given to (ii) intensifying technological study of curing processes with the object of 
maximising productive efficiency and to (iii) increasing nutritional effectiveness of raw materials by developing cured products that are directly 
edible by human beings as opposed to products for animal feeding. Although new processes, such as freeze-drying, are nutritionally satis- 
factory, the product, whilst a great improvement on wind-dried fish, is not as good as fresh or property frozen fish. On the other hand, it can 
only compete with hard cured fish in developing countries, if the cost of the process is low enough and if people can be got to accept an 
entirely new product with less flavour. 

I/INFLUENCE DU SECHAGE, DU SALAQE ET DU FUMAGJS SUR LA VALEUR NUTRITIVE DU POISSON 

Le traitement pousse par sechage, salage et/ou fumage permet Mae preservation assez longue de poissons qui seraient autrement 
inutilisables, et les rend plus acceptable* en leur confdrant des s**eurs tnufitionndtes appretiees comme condiment par beaucoup de gens. 

Avec ramelioration des moyens de transport & la suite de Industrialisation, la preference du public se dirige vers des produits 
issus du traitement plus mod6r6, qui ne se conservcnt pas fongterops 4 qui demandent done unc manutention soigneuse; mais les produits 
issus du traitement pousse continueront lonotemps & jouer tin r&k important. 

Le traitement affecte la valeur nutritive par des pertes dues: (1) au parage; (2) aux modifications d'ordre technique (principalement 
a la pertc d'eau); (3) aux accidents qt$ les accompagnent g6neralement comme pertes d'ordre Industrie!; (4) & Invasion de divers elements 
nutritifs; (5) & leur alteration; et (6) & des alterations au cours d'entreposage, 

Les quelques donnees disponibles font penser que ks pertes dues au traitement (4 et 5) n'ont d'habitude qu'un effet relativement 
faible sur la valeur nutrive globale, y compris la composition protdiquc et la digestibility Comme le poisson est d'abord une source de 
proteines, la perte en vitamines est moins importante que la modification de la teneur globale en proteines due & d'autres facteurs. La quantite 
nutritive 6tant & cet egard plus importante que la qualite, il est plus necessaire de mieux cpnnattre les facteurs technologiques en relation 
etroite avec ^Industrie que de rtunir d'autres donnees nutritionnelles. Beaucoup de produits traditionnels sont habituettement de couleur 
foncee, oxydes, ranees, pleins de sable, gat6s et infestes d'insectes. De la meme faopn, les produits issus du traitement modert s'alterent 
souvent avant d'etre consommes. Si Ton doit accroltre d'une facon appreciable la signification nutritive quantitative du poisson, il faut prtter 
une grande attention a (i) ttablir et mettre en oeuvre des normes amehorees concernant la qualite des produits traites, en fonction des gouts et 
des bcsoins du public. En outre, il faudrait penser en priorite a (ii) intensifier la recherche technologique sur les proc6des de traitement avec 
le propos d'amplificr au maximum I'efficicacite de la production et (iii) accroltre rcfficacite nutritive des materiaux bruts en developpant la 
production directement consommable par I'homme, par opposition & celle destinee a 1'alimentation animale. Bien que de nouveaux proc6ds, 
comme la cryo-dcssication, soient satisfaisants sur le plan nutritif, le produit, tout en presentant une grande amelioration sur le poisson s6ch 
a Pair, n'est pas aussi bon que le poisson frais ou convenablement congete. D'autre part, il ne peut entrer en concurrence, dans les pays en 
cours de developpement, avec le poisson ayant subi un traitement pousse que si son coQt est assez bas et que si les populations peuvent fttre 
amenees & prcferer un produit entierement nouveau de saveur comparativcment faible. 

EFECTO DE LA DESECACION, SALAZON Y AHUMADO EN EL VALOR NUTRITIVO DEL PESCADO 

El curado intenso por desecaci6n, salazon y ahumado permite una conservaci6n larga de pescado que de lo contrario no se podria 
cmplear y lo hace mas aceptable al darle sabores tradicionalmente apreciados como condimento por mucha gente. 

Al mejorar los medios de transporte con la industrializaci6n, la preferencia del publico se dirige hacia productos tratados mas 
moderadamente, que no se conservan durante mucho tiempo y que, por tanto, exigen una manipulacidn adecuada, pero los productos curados 
intensamente seguiran siendo importantes durante mucho tiempo. 

El curado influye en el valor nutritivo por perdidas debidas: (1) limpieza; (2) modificaciones de orden tecnico, (principalmente 
perdida de agua): (3) accidentes generalmente relacionados con (2), como perdidas de caracter industrial; (4) perdida de elementos nutritivos; 
(5) alteracidn de los elementos nutritivos, y (6) alteraciones durante el almacenamicnto. 

Los pocos datos disponibles haccn suponcr que las perdidas debidas a la elaboraci6n (4 y 5) tienen ordinariamcntc nada mas que un 
cfecto relativamente pequefto en el valor nutritivo total, inclusive la composici6n y digestibilidad de la proteina. Como el pescado es princi- 
palmente una fuente de proteina, la perdida de vitaminas es menos importante que las modificaciones en el contenido dobal de proteina, 
debido a otros factores. Como en este caso la cantidad nutritiva es mas importante que la calidad, la evaluaci6n tecnica de estos factores en 
colaboracidn con la industria es bastante mas necesaria que la obtencidn de datos ulteriores sobre nutricidn. Muchos productos tradicionales 
son habitualmente de color obscuro, estan oxidados, rancios, arenosos, echados a perder e infestados de insectos. Analogaraente, los productos 
semicurados con frecuencia se echan a perder antes del consumo. Si se va a aumentar sensiblemente la importanda nutritiva cuantitativa del 
pescado, debcra prestane pan atencion a: (i) formularyponer en practka nonnas de calidad mc^radade productos curados, con relactdn a 
las necesidadcs y gusto del publico. Ademas, deberi darse prelaci6n a (ii) intensificar los estudios tecno!6gicos de los procedimientos dc 
curado, con otgeto de ampfiar al maximo la cficacia productiva y (iii) intensificar la eficacia nutritiva de las materias primas preparando 
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productos curmdos. dkccUmentc coosumibks por cl hombre, en oposteifa a lot productos derttaados a la aiimcntaci6n 4e los animate. 

OT^ 



6k> puede cntrar en 

bajo y si se puede hacer quc la ] 



. o fresco o d oongdtdo adccuadamente. For otra parte, 

i con peacado intensamente curado en los paises en desarrollo si d costc de la claboraci6n es lo bastante 
i accpte un producto enteramcntc nuevo de sabor relativtmentc d6bil. 



THE exceptional perishability of fish led mankind 
early to evolve techniques of "curing" by drying, 
salting and/or smoking to preserve it from decay. 
These traditional processes are important nutritionally 
quite independently of the food value of the products; 
first because they permit the preservation of fish that 
could not otherwise be utilized and distributed in an 
edible state; and secondly because they increase the 
variety with which fish can be presented. 

Although there are numerous variants, cured fish is 
usually severely altered in all its physical properties as a 
result of the process. In particular, peculiar odours and 
flavours may be developed in what has been described as 
"benign decay" (62). The flavour of some products is 
quite characteristic of the region, reproducible within 
limits, and relished by many people. However, many 
such products are no longer acceptable to palates con- 
ditioned to the less pronounced flavours of many urban 
diets. Nevertheless, curing still accounts for at least 25 
per cent of the fish caught and landed throughout the 
world. 

Curing controls in various ways the deterioration 
caused by micro-organisms, proteolytic enzymes, oxida- 
tion, particularly of lipids, and various non-enzymic 
reactions. Drying to a moisture content of below 15 per 
cent prevents microbial spoilage, although mould growth 
is completely suppressed only at 10 per cent (73, 74). 
Salt is a bactcricide, although its effect on spoilage 
bacteria is slight unless the product contains more than 
10 per cent, and is maximal only when tissue fluids are 
saturated with salt. Smoking adds chemicals which have 
varying bactericidal and antioxidant activity. In some 
processes there is the added effect of cooking which can 
destroy heat-labile micro-organisms and enzymes. 

The characteristics of a particular product are deter- 
mined to a large extent by the type and amount of 
deterioration that occurs before the curing process is 
complete, which may take anything from hours to 
months. Further maturation can take place during sub- 
sequent storage which, however, ultimately leads to 
further deterioration in edibility. 

There are innumerable variations in the combination 
and intensity of drying, salting and smoking. The 
methods usually favoured for fatty fish, such as pickling 
under brine, and hard smoking, hinder oxidative ran- 
cidity of the highly unsaturated fish oil, whereas plain 
drying and dry salting are satisfactory for non-fatty 
species. In general, products may be divided into hard 
cures, suitable for long-term storage, and mild cures, 
which are slightly dried and contain only sufficient salt 
or smoke for flavouring. The latter, which are almost as 



perishable as fresh fish, have largely replaced the former 
in countries where transport and climatic conditions make 
keeping-quality less important than it used to be. 

Drying, salting and smoking can affect nutritive value 
in six main ways: 

1. Trimming losses 

Any product that is headed, gutted, filleted, or otherwise 
trimmed before processing loses weight, of course; but 
in addition the offal rejected may include edible material 
which is thereby wasted. Fish vary considerably in 
shape; but on average something like 50 per cent of the 
landed weight can be separated as raw edible flesh with a 
filleting knife. There should be less loss of food if the 
consumer received cured whole fish, because flesh can be 
removed from the bones more completely after cooking. 
In some parts even viscera are regarded as edible. 
Trimming loss is not complete wastage, if it is used for 
making fish meal for example. 

2. Technological loss 

Drying, salting and smoking all involve a change in 
weight inherent in the process, due principally to the 
removal of water; this is not, of course, a loss nutri- 
tionally as such. As, on balance, this usually results in an 
overall loss in weight, rather than in gain, there is there- 
fore in the product a concentration, or enrichment, of 
protein, and of such other constituents as survive the 
operation of factors (4) and (5). 

3. Accidental loss 

There are inevitably some losses involved in handling fish 
at every stage of any process operated under industrial 
Conditions; as a result, for example, of fish becoming 
damaged, tissue torn, or roe squeezed out (50). The loss 
of nutrient depends on the product, scale of operation 
and industrial efficiency. Although reliable estimates 
could only be obtained by close association with indus- 
try, experience of fish smoking and drying in the U.K. 
leads one to suspect that it can be as high as 5 or 10 per 
cent, although this may be partly recoverable for fish 
meal for animal feeding with consequent loss to human 
nutrition. Accidental loss is usually combined with 
technological loss as industrial loss, and can be further 
concealed along with trimming loss in overall industrial 
yield, i.e. output of product/input of whole fish. 

4. Escape 

In some processes there can be losses due to the escape 
of nutrients; as when tissue fluid is extracted and flows 
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away, as a result of osmosis, syneresis as in cooking, or 
autolysis. 



TABLE I 



There is the possibility of damage to, or destruction of, 
nutritive components, as a result of heat treatment, 
oxidation, etc. 

As losses due to escape of and damage to nutrients 
cannot usually be separated, they may be combined 
together as the processing loss, 

& Storage toft 

Finally, the stored product may be subject not only to 
destructive spoilage losses, but also to the inroads of 
various pests, such as beetles and mites. Wastage from 
these causes depends on the product, and is preventable 
if expense is incurred on suitable packaging. However, 
in Africa losses as high as 50 per cent occur in some 
instances, which have to be covered in the price of the 
product. 

V 

The following typical results are quoted from an 
unpublished report entitled "Observations on the quality 
and losses of dried fish from Lake Chad", by Mr. 
L. A. W. Haywood of the West African Stored Prodjwcts 
Research Unit, Lagos: 



Fly larvae infestation of two typical partly Mn-driad Lates nihticus 



from Bag* on Lake Chad, Nfetria (December I960) 

Weight of Number of 

partially fly larvae^ Weight of 

dried fish 1 Inside fish larvae (approx.) 

(*.) (approx.) (g.) 

1. 1130 1954 140 

2. 1360 2523 220 

1 Fish said to have had 2-3 days drying. 
1 Mostly Calllphorldae or Muscidae. 



TmMefor 





Normal 




recommended 




daily 


Nutrient 


allowance 1 


Calories . 


3000 


Protein (g.) 


70 


Vitamin A (LU. 


) 5000 


Thiamine (mg.) 
Riboflavin (mg.) 


1*8 

2-7 


Niacin(mg.) 
Vitamin D (I.U. 


18 
) 400 


Calcium (mg.) 


800 


Iron (mg.) . 


12 


Copper (mg.) 


1-5 


Iodine (mg.) 


0-2 



Content per 
100 g. 



on the 



% of normal 
daily requirements 
supplied per 100 g. 



Cod Herring Cod Herring 



70 200 
18 17 
50* 200* 
0-05 0-04 
0*11 0-3 

4 

800' 
45 
0*8 
0-3 
0-05 



2 
O 1 
20 
0*6 
0-1* 
0-5 



2 

26 

1 

3 

4 

11 



3 

5 

7 

250 



7 

24 

4 

2 

11 

22 

200 

6 

7 

20 
25 



(From Taarland et al. t 1958, except where otherwise indicated.) 

1 For 70 kg. moderately active man (United Nations, 1943). 

* Lovern (1943). 

* Anon. (1952) for similar species. 



daily requirements of various nutrients for a moderately 
active 70 kg. man, accepting the U.S. standards adopted 
at ftot Springs (United Nations, 1943) and using mostly 
recent Norwegian analyses for cod and herring (79). 
Except on a diet based almost exclusively on fish, it 
seems that the stability of vitamins is of minor impor- 
tance, as compared with the case of milk and Vegetables, 
for example, and that changes in the content and com- 
position of protein is the most important criterion by 
which the effect of a process must be judged. 

In this connection, it has long been recognised by food 
technologists that fish proteins are especially labile. Thus, 
fish actomyosin is particularly easily "denatured" and 
rendered insoluble in dilute salt solutions, for example. 
This denaturation, however, constitutes a technological 
rather than a nutritional problem because it is not 



Beetle infestation of typical dried flfh on nto in Eastern Region of Nigeria, January 1961 

Necrobla spp. 



Origin of sample 



Umuahia market . 
Umuahia market . 
Aba goods yard (ex Kano) 

1 Before removal of insects. 



Weight 
of sample ~ 


Dermestes spp. 


7 

348 
357 
162 


Adults 

2 

1 


Pupae 
1 


Larvae 

144 
73 
89 


Total 

147 
74 
89 



Adults Larvae 



3 

1 

16 



Total 

5 

2 
18 



Total 
Insects 

152 

76 

107 



Only technological study of a process, and not analysis 
of products alone can show the relative importance of 
these factors, which determine nutritive value in its 
broadest sense. 

It may fairly be deduced from the preceding papers 
that fish is not a particularly rich source of any vitamin 
(except D in fatty fish) and must therefore be considered 
primarily as providing protein. This is also the conclusion 
to be drawn from Table I which gives the calculated 
percentage contributions of 100 g. of fish to the average 



associated with any loss of nutritive value. Unlike 
globular proteins the actomyosin molecule is already 
stretched out and therefore fully open to the disruptive 
action of enzymes. Denaturation by coagulation with 
salt or cooking therefore, presents no advantage in 
accessibility to attack. Neither does it change the amino 
acid content appreciably. Although cooking fish results 
in some increase in digestibility (1) this might be attribut- 
able to its effect on the 10-20 per cent of globular proteins 
in fish muscle. 
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In general, the chief alteration caused by drying and 
smoking, by themselves, is loss of water, the main effect 
of which is an increase in protein content, and also that 
of any oil that happens to be present. Although there are 
also incidental changes, due to oxidation, etc*, in some 
of the minor components, as well as to the oil, the overall 
result is an increase in food value per unit weight offish 
as purchased. Salting also brings about dehydration as a 
result of osmotic effects, which also involve the loss of 
water soluble constituents and some protein along with 
the fluid, whilst a considerable proportion of the oil may 
also be lost from fatty fish. Salted fish also introduces 
salt into the diet, which is particularly essential physio- 
logically in hot regions. However, in some places, such 
as West Africa, people prefer to have their salt and pro- 
tein requirements satisfied separately and not combined 
in salt fish. 

Losses of weight, water and various nutrients during 
curing can obviously vary greatly according to the type 
of fish, the process and the product. In general, figures 
for proximate analysis and vitamin and mineral content 
of cured fish products are few and scattered (16). More- 
over, they are rather variable, as might be expected from 
the seasonal and other causes of variability in the com- 
position of the raw material (discussed by Stansby in a 
previous paper). In addition, even for the same com- 
modity there can be differences in treatment between one 
curing installation and another, from time to time and 
even from fish to fish within the same batch. Further- 
more, products change by a process of evolution so that, 
for example, a kippered herring in the U.K. today is quite 
different from a product of the same name 40 years ago. 

Isolated analyses of products may therefore be 
unrepresentative and unreliable. Although any figure 
may perhaps be regarded as better than nothing, a 
technologist is reluctant to accept data without adequate 
weighting and some knowledge of the technological and 
biological factors involved. It is also unwise to draw 
conclusions as to the effect of processing by comparing 
analyses of samples of a product with figures for the 
presumed composition of the raw material. Nevertheless, 
in default of more definitive data, some of the recent 
analyses of Taarland et al. (79) for Norwegian fresh, dried, 
salted, smoked, marinated and canned fish products have 
been recalculated on a water-free basis in Table II to 
permit tentative comparisons of mineral and vitamin 
content. 

Not much information is available concerning the 
effect of processing on protein composition and digesti- 
bility. A recent paper (Orraca-Tetteh (57b) gives the data 
for the protein value of fish treated by modern and 
traditional methods, shown top of next column. 

Table HI collects practically all that is recorded about 
the effect of drying, salting and smoking on the nutritive 
quality offish, including figures derived from Table II for 
the effect on vitamins and minerals on the assumption 
that the raw material had the composition given in the 
same table. 



90* 
81 
91 
69 
65 
57 



Origin 

Fresh fish ..... 

Kippers (cold-smoked herring, sccIII.3) U.K. 

Stockfish (dried, see LI) . . . Norway 

Cod (salted, sec II.4). . . . Norway 

Catfish (Adwen) (smoked) . . . Ghana 

Carp (MM) (sun-dried) . . . Ghana 

1 Said by author to be value of D. S. Miller (1956), /. Set. Fd. 
Afric., 7, 337, for carefully dried fish proteins from both oily and 
white fish of marine origin (although Miller's paper appears to 
mention only one N.P.V. value higher than 80 per cent; values 
obtained from the biological value of the proteins of fresh-water 
fish, at unstated concentrations in the diet range from 72 to 89 per 
cent (Kuppuswarmy et a/ M 1958). It is presumably partly on the 
basis of these figures that the conclusion is reached by Platt (1961) 
that "heating during the drying of fish and meat can cause reduc- 
tions in the biological value of their proteins (which) have been 
known to exceed 50 per cent**. 

Furthermore, there has long been supposition that leprosy is in 
some way associated with the consumption of salt fish (e.g. On 
Leprosy and Fish Eating by Johnathan Hutchinson, published by 
Constable, London, 1906) to which currency has been lent recently 
by inducing the disease in experimental animals fed with oxidized 
oils. 



As in processing considerable proportions of the 
protein, fat and substance of fish escape, from various 
causes, a detailed technological knowledge of the gross 
changes in what may be termed nutritive quantity is at 
least as important as the detailed effect on nutritive 
quality in considering the overall nutritional status of a 
process. 

Table IV is an attempt to indicate how it might be 
possible to build up a picture of the effect of various 
processes on nutritive quantity, in order to obtain an 
estimate of the amount of solid food (including oil) that 
appears in the end products in relation to the maximum 
that could be available. There are many gaps in Table IV, 
some of which could have been filled with greater study; 
the figures included are in some cases ranges, and in 
others mere estimates, so that one cannot unfortunately 
calculate with any degree of certainty the overall nutritive 
loss of any process except in the case of warm-air 
dehydrated, cooked, minced fish, of which industrial 
production is nil. However, from the data of Cutting 
et al. (25), it may be calculated that in the case of cod the 
industrial yield could, perhaps, have been almost doubled 
if all losses of edible material could be eliminated : 

Commercial Ideal, with 
results no losses 

Weight of whole gutted cod 100 100 

Weight of flesh removed 42-5 70 

Weight of dehydrated product 6*8 12-6 

The edible meat left on the bone in this instance, of 
course goes to enrich white fish meal for animal feeding. 
In spite of the incompleteness of Table IV, it may perhaps 
serve to underline the interconnection between the 
technology offish processing and nutritional aspects. 

Some cured products are eaten raw, and some after 
variable soaking, desalting and cooking in a variety of 
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TABLE IV 



IT* effect of certain *yfa, *Uog and 



on the urtritfo qwurttty of fish 



Product 



M>A0fej 

^frdrte/ 

Stockfish 20 

Warm air dried cooked minced cod 

fillets 57-5 

Warm air dried cooked minced 

herring fillets .... 45 
Warm air dried cooked minced 

whole herring .... 
Vacuum (VCP) or freeze-dried 

(AFD) raw cod fillets . . >60 

Salted 

Brined \ !_,.. 5 

Pickled/" 6 * ' 5 

Light-cured herring . 

Pickle salted cod (fillets) 57-5 

Dry-salted cod (split) . 40 

Dry-salted herring . 5 

Salmon roe ... 

Marinated herring . 45 
Salted and dried cod: 

Heavy cured . . 40 

Light cured . . 40 

Smoked 

Red herrings . . 

Kippers . . . 20-25 

Filleted cod. . . 57-5 



Trimming loss Technological loss Escape of nutrients (% of 
(%of (= weight loss) initial weight of trimmed fish) 
'rfish) "" " ~ 



( % of trimmed fish) Protein 



75 
82 
74 
65 
80 



5-10 

5-17*5 



22-5 

30 

15-30 

25-45 

up to 40% 

30 
60 

20-25 
5-25 
5-15 




2 
1 

1 




Oil 





1 





1-6 
3-6 



3-5 

1 
1 




5^10 



>1 



Overall 

industrial 

yield 



6-8 1 

15-5-17-0 1 
24-30* 



% edible 
material lost 



46 1 



55-75 1 



29 
20' 



65-70 4 

65* 
40-45* 



Note: The additional effects of accidental losses during processing and the loss of product during storage are not included, as representative 

data are not available. 

The detailed effects of escap* and destruction of nutrients are giveo in Table III. 
1 Cutting et al. (1956). * Raninskaya (1958). ' Beatty and Fougere (1957). * Cutting (1951). 



ways that can lead to further losses or destruction of 
nutrients. In view of the extreme variety of dried, salted 
and smoked products, it is impossible to generalize about 
any of the processes. In the following, the chief features 
of the principal types of product are discussed in relation 
to such data as is available on their nutritive value and 
quality generally. Finally, an attempt is made to draw 
such tentative conclusions as seem permissible. 

I. DRIED FISH 
1. Hard cures 

Natural drying by exposure to the action of sun and wind 
is widespread. A classic example is stockfish, made from 
headed cod and haddock in Norway and Iceland at least 
since the twelfth century and now mostly exported to 
Italy, West Africa and U.S.A. Drying takes several weeks 
to a final water content of about IS per cent, the tech- 
nological loss being about 75 per cent and protein content 
correspondingly high (see Table II). The product is 
shrunken and tough, and is usually cooked and served in 
Europe after prolonged softening treatment with mild 
alkali (see "lUtefisk", Table II). 

In northern countries, where atmospheric conditions 
sometimes freeze the fish, the process may become 
extremely slow frcezc-drying. At the other extreme, in the 
tropics, sun-drying is much more rapid. Treatment can 



vary considerably. Alestis on the shores of Lake Chad is 
split and dried in the sun, after preliminary "fermenta- 
tion" by immersion for some hours in the warm water at 
the edge of the Lake to develop the desired flavour. 
Drying is much quicker with whole, ungutted "Dilis" 
(Stolephorus commersonii), a type of anchovy in the 
Philippines, and Bombay duck (Harpoden nehereus\ also 
a thin fish. Fatty fish are also dried, e.g. herring in Ice- 
land and Norway, although inevitably oxidation of fat 
confers a rancid flavour. 

The composition of the commercial product of Asia is 
very variable. Thus, the water content of Indian dried 
fish products varies from 2-5 to 17*5 per cent and the 
protein content from 44 to 71 per cent (49). Most such 
products are contaminated with sand and infested with 
blow fly larvae, Dermestes beetles and mites. Losses also 
occur when fish is spoiled as a result of rain. 

Very little information is available as to the effect of 
natural drying processes on nutritive value. As there is 
no obvious escape of nutrients in plain drying, any 
processing loss may all be attributed to damage caused 
by the process. It may be inferred from Table II that 
there is some loss of B vitamins, particularly riboflavin, 
known to be light sensitive, in slow drying under cool 
atmospheric conditions, and also perhaps that niacin 
particularly is lost during reconstitution and cooking. 
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However, it could equally well be deduced from Table II 
that there is an increase in pantothenic acid and vitamin 
B 1S resulting from drying. This may conceivably be a 
real effect, resulting from bacterial synthesis. 

2* New dehydrated products 

The object of artificial dehydration of fish is to yield a 
product similar to fresh fish, without the characteristic 
cured flavour and toughness of fish dried in air, which is 
not generally acceptable in Europe. The chief products 
available are: 

(a) warm-air-dried, minced, pre-cooked fish, as 
developed in the U.K. during the 1939-45 War; 
and 

(6) vacuum and freeze-dried fish, developed post-war 
in U.K., U.S.A. and U.S.S.R. 

(a) Dehydrated cooked mince. This product was 
developed as an emergency food for war-time use 
(Cutting, Reay and Shewan (25). A dried mince has 
only limited acceptability in countries where people can 
normally obtain good fresh or frozen fish. There has 
therefore been no post-war commercial development. 
The overall industrial yield can range from 35 per cent 
for fatty herring dehydrated whole without trimming to 
6 per cent for dehydrated lean fish fillets. The protein 
content of the product depended on the fat content of the 
fish and whether it contained heads and bones, which 
increase calcium and ash contents. The water content was 
usually between 5 and 10 per cent. The storage life of the 
product in a condition regarded as acceptable in U.K. 
was from several years at 10-15C (50-59F) to 3-6 
months at 37C (986F), depending on the product. No 
nutritional data were obtained on the British product, 
but the results of feeding a similar product made 
experimentally in U.S.A. to rats at a level of 9 per cent 
weight of protein in the basal diet showed that dehydra- 
tion did not affect nutritive value of digestibility. How- 
ever, the pre-cooking process, which involved a 30-40 
per cent by weight escape of liquor, was largely respon- 
sible for a loss of about 50 per cent of the thiamine and 
65 per cent of the riboflavin. About half of each was 
recoverable from the cooking liquors (55). Cooking 
liquors also contain about 4 per cent of protein (and were 
thus comparable with milk). In a study of the effect of 
this type of dehydration process on the protein, without 
the complication of uncertain losses on cooking, Lopez- 
Matas and Fellers (52) cooked minced swordfish (Xiphias 
Zladius) flesh for 1} hours in a can in boiling water, 
squeezed out the water, warm-air-dried the fish and dried 
the liquor separately and then mixed the two fractions 
together. This treatment significantly affected the con- 
tent of 8 out of 10 essential amino acids (as determined by 
microbiological assay following chemical hydrolysis) and 
that of two others was distinctly low. The average per- 
centage retention was 85, compared with 94 in canning. 
There was good retention of vitamin A, riboflavin and 
niacin but low retention of thiamine and biotin. 

Deas and Tarr (26) noticed that red cod (Sebastodes 



sp.) dried in a thin layer for 24 hours at 100C and 
hydrolysed with alkali for 10 hours at 120C for micro- 
biological assay had a very low tryptophanc content. 
However, quite a different picture of amino acid com- 
position was obtained when the product was hydrolysed 
along with the proteolytic enzymes of pyloric caeca. 

(b) Vacuum and fireeze-dried fish. As freeze-drying in a 
vacuum can be used to preserve bacteria, semen, etc., in 
viable form (albeit with the aid of glycerol) it might also 
be expected to produce the best possible dehydrated fish. 
Since 1945, therefore, considerable effort has been 
devoted, particularly in the U.K., to an attempt to 
vacuum dry and finally to freeze-dry fish as fillets or 
pieces of fish that really are as acceptable as fresh or 
frozen fish (4, 5, 31, 32, 33a, 33b). In spite of its military 
interest (12, 63), so far as fish is concerned the industrial 
achievement to date has been very slight (7, 8, 9), 
except possibly in Russia (80), where freeze-drying seems 
to play a useful part in the distribution of fish. Despite 
enthusiastic claims, and whatever the success achieved 
with other commodities, the result with fish, when 
examined critically, although remarkably good, still does 
not compare favourably with fresh or properly frozen 
fish (38, 89). This, however, is applying the highest 
possible criteria of palatability and acceptability, whereby 
changes are regarded as obnoxious that would scarcely 
be noticeable in traditionally dried fish. 

Although some useful information has been obtained 
about the effect of vacuum dehydration and freeze-drying 
(also sometimes called "lyophilization") on the nutritive 
value of fish, results are difficult to compare because of 
differences in process or pre-treatmcnt employed by 
different workers. Fish proteins are more labile than 
those of meat. For example, they are more readily 
digestible by trypsin in vitro than mammalian protein 
(19b). Unlike meat, too, the actomyosin in vacuum 
contact plate (v.c.p.) dried cod muscle fibres was never 
found to be contractile in the presence of ATP. When 
dried experimentally on a laboratory scale, however, only 
about one half of the ATP-ase activity was destroyed, 
although when contraction occurred it was much slower 
than in the case of meat (37). 

The darkening that occurs during lengthy drying 
processes and on storage of dehydrated fish is also 
associated with an unpalatable, bitter flavour and 
toughening, and has a bearing on nutritive value. Colour 
and flavour changes are due partly to the oxidation and 
oxypolymerization of unsaturated fish oils and partly to 
Maillard reactions in fish flesh (76, 77), between sugars, 
chiefly glucose and ribose, and free amino acids, chiefly 
anserine and taurine in fresh fish and /talanine, 1-methyl 
histidine and lysine in staler fish. The amounts of the 
reactants present depend on the species, the individual 
and its immediate previous history, both before and after 
death (40)* The extent of the damage is determined by 
the quantity of free sugar rather than amino add avail- 
able. As this is very variable, the degree of darkening 
varies unpredictably from one sample to another. There 
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are similar reactions between products of fat oxidation 
and basic nitrogenous constituents. The former can also 
react with proteins, causing loss of biologically available 
lysine during dehydration and storage, although the 
results have been rather variable. Whereas Connell (19a) 
found no change in the e-amino grouping of protein 
lysine during the heating of v.c.p. dehydrated cod, 
Carpenter et al. (13) noticed damage on severe heating, 
and Jones (41) also found a loss, although it did not affect 
flavour. 

Regarding the texture of freeze-dried fish, Connell (19a) 
concludes that "the reactions underlying textural 
deterioration are obscure". Although there is some 
evidence of chemical cross-linkages, it seems that a highly 
porous micro-structure is the most important factor 
favouring good texture and reconstitution properties. In 
fact, rapid freezing before freezc-drying leads to the 
formation of such small pores that reconstitution is 
impeded. The bulk of the water re-absorbed in reconsti- 
tution is not chemically rebound, but is merely retained 
by capillary forces and can therefore easily be largely 
squeezed out by pressure or cooking (18), with the further 
loss of nitrogenous substances (89). 

It has long been realised that the nutritive value offish 
is improved by the lower temperature resulting from the 
application of vacuum during drying. Thus, Maynard 
and Tunison (56), found that haddock (Melanogrammu$ 
aeglefinus), dried for fish meal in a vacuum plant, had in 
rat feeding experiments a digestibility coefficient of 85 
and a biological value of 83 per cent, which was much 
higher than for the ordinary flame-drying process. The 
values for menhaden (Brevaortia sp.) were somewhat 
lower in each case. More recently it has been shown that 
Bombay duck, cooked and dried to 6 per cent water 
content under a vacuum is less insoluble, reabsorbs water 
more rapidly and completely, and has a greater retention 
of amino acids and a higher pepsin digest residue (p.d.r.) 
than when dried in an oven at 50C (65). 

Proctor and Lahiry (59) cooked | in. x i in. X i in. 
strips of haddock and shad (Alosa sp.) (dipped in 0*05 per 
cent 1-ascorbic acid for 1 minute) for 10 minutes at 
5 Ib./sq. in. steam pressure and dried in a vacuum belt 
drier. Again, there was no significant loss of 10 amino 
acids, whereas Lopez-Matas and Fellers (52) noticed 
some damage as the result of dehydration of cooked 
minced fish. In all the above work the fish was cooked 
before drying which would involve escape of nutrients. 
Dunn et al (27) freeze-dried raw Pacific sardines 
(Sardinops caerulea), and using identical samples of the 
edible portion, found no significant effect on the amino 
acid composition in microbiological assays in two 
different laboratories. However, as pointed out by Tarr 
(78), conclusions drawn from microbiological assay 
following chemical hydrolysis of the product are not 
altogether reliable, as even fish meals which have been 
seriously overheated and are of poor nutritive value for 
chicks have a normal essential amino acid composition as 
determined in this way. 



Adachi et al. (1) froze haddocks 6 days old, sawed them 
into sticks, freeze-dried. them raw, and finally packed 
them under vacuum in cans. The fish was then recon- 
stituted in water for a minute, and fried for a minute at 
375F (190C). The PDR was not affected by drying, and 
increased on cooking in the cases of both the fresh and 
reconstituted samples. 

The effect of freeze-drying raw, skinned cod fillets by 
the U.K. prototype industrial process on the content of 
vitamins of the B groups was investigated by Scott and 
Rolfe (1959) but full details have not yet been published. 
After making allowance for difficulties in sampling due to 
the greater amounts of riboflavin, pantothenic acid and 
B lf , but not of niacin, in the brown subcutaneous muscle 
tissue (the relative proportion of which increases towards 
the tail end of a fish) they concluded that only pantothenic 
acid suffered appreciable loss. Even here the low values 
may have been due to the admitted difficulties in extrac- 
tion. When stored at 37C for 2 years at a water content 
of about 5 per cent under nitrogen, only nicotinic acid 
showed any loss (25 per cent). As the shelf life was only 
3 months, B vitamins are obviously comparatively 
unaffected long after the product has become inedible. 



All dried fish present protein in a particularly concen- 
trated form. 

In considering the overall effect of drying on fish, it 
may be concluded that although there is not much 
information available, the effect of traditional sun-drying 
on nutritive value is probably relatively slight compared 
with various other losses, some of them preventable, 
during processing and storage. However, very little 
seems to be known about the biological value of the 
severely oxidized and darkened fish products general in 
Africa and Asia. 

It seems relevant to comment that quality and palata- 
bility of the products are often lowered by bad or 
uncontrolled methods of production and storage. la 
many cases, improved dried products could result with 
little or no extra expense with proper attention to quality 
control. 

Although freeze-dried products, which are only just 
beginning to be produced commercially, suffer little or 
no change in nutritive value during production and on 
storage, eating quality is adversely affected as compared 
with fresh fish. 

H. SALTED FISH 
1. Salted alone 

Most traditional curing methods employ salt. Salting has 
the following variants: 

(i) brining by immersion in concentrated salt 

solution; 
(ii) dry salting (e.g. kench cured, green salted cod, 

etc.); 
(iii) a combination of dry salting and brine formation 

(e.g. as for pickled herring, etc.). 
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In all three methods, considerable variations are 
encountered in the amount of salt used. For preservation 
in hot climates the method of pickling (ill), is to be 
preferred, as it maintains the maximum salt content 
around the product and thus combines quick penetration 
with the maximum degree of preservation. It also prevents 
fat oxidation and infestation with fly larvae. With 
brining, on the other hand, brine strength falls as salting 
proceeds, unless there is sufficient solid salt available. 
Some more lightly salted cures, such as "matje" herrings, 
involve a certain amount of controlled fermentation to 
produce the desired "gamey" flavour and soft "cheesey" 
texture that has lost its flaky structure and fibrosity. 
Whereas cures containing saturated salt can keep for 
months, or even years in temperate climates, the lighter 
cures are rather an unstable commodity and require cool 
storage for successful marketing. Saturated salt solution, 
of course, has a pronounced osmotic effect on fish tissue. 
In addition, proteins are dissolved by dilute salt solutions, 
although they tend to be precipitated at high concentra- 
tions of salt. 

Reay (62) showed that there are two distinct phases in 
the salting of herring fillets. First there is a loss of water, 
and therefore a loss of weight, depending on the con- 
centration of the brine. Later, brine is sucked back into 
the tissues, so that in a saturated solution the weight 
returns to something like its original value, although the 
fish now contains about 20 per cent of salt. 

If the fluid extracted by dry salt in the first stage is 
allowed to run away, as in a "kench" cure, instead of 
collecting as a saturated brine pickle round the fish, then 
the second stage cannot take place and the overall 
technological loss of weight remains fixed at about 30 
per cent (corresponding to about 40 per cent of the 
original water content). Although in this case the fluid 
in the tissues is still saturated with salt, there is less fluid, 
so that the overall salt content is less. 

Other workers report technological losses of 5-17*5 
per cent for herrings depending on the amount of salt 
used and on the amount of fat in the fish (50, 82), and 
15-30 per cent for cod salted in various ways (11, 17). 

Obviously, with all the interchange of fluid and 
equilibration of constituents between fish and brine, some 
loss of water soluble constituents, such as minerals and 
vitamins of the B group, would be expected in any salting 
process. Furthermore, changes occur during and after 
salting which lead to a further loss of soluble nutrients. 
During the first week or two of salting there is a steady 
reduction in the amount of protein that can be dissolved 
(that i$, peptized) in salt solution. Soluble nitrogen there- 
fore decreases. However, after a time this trend is 
reversed as a result of proteolysis, so that on storage the 
protein content of the product falls and the non-protein 
nitrogen increases continuously. The nitrogen "lost" as 
amino acids, etc., in the brine likewise rises steadily. In 
addition, in the case of fatty fish, oil is lost and undergoes 
hydrolysis and oxidation. The autolysis that occurs 
during pickle salting results from the activity of proteo- 



lytic enzymes and micro-organisms which is an essential 
feature of the ripening process. 

In the experiments of Reay (62) described above, the 
loss of oil was negligible, but the fish contained only 6*5 
per cent of oil. The loss of fat-free, salt-free solid, an 
approximate measure of the amount of protein, ranged 
from 1 to 5 per cent of the fresh fish, depending on the 
length of time in the brine. In dry-salted fish the loss of 
protein never exceeded 1 per cent. 

Levanidov (50) estimates the loss of soluble substances 
in the brine during the salting of herring as only 0*5 per 
cent of the initial weight of the fish. Ragulin (60), how- 
ever, found that the total loss of nitrogenous substances, 
fat and minerals in the salting of anchovies was about 
6 per cent with dry salting and increased with time, 
whereas it was only about 3 per cent with brine salting 
and did not vary much. 

Technological and accidental losses during salting 
depend on the freshness of the raw material. When 
salmon roes for caviare were kept for a day at 10C 
(50F) before salting, losses increased from 10-15 per 
cent to 20-30 per cent of the nitrogenous substances and 
from 25-30 per cent to 40-50 per cent of the fat (Ranin- 
skaya (61). Protein loss could amount to as much as 
6 per cent and fat to 10 per cent of the weight of the fish. 
Moisture loss, too, increased from 43-49 per cent to 
about 60 per cent and the total yield of product declined 
from about 75 per cent to about 55 per cent. The liquor 
squeezed out during the pressing of salted roes contained 
1*5-7-3 per cent fat and 1*7-5*4 per cent protein along 
with salt and water. 

Kleimenov et al. (45) showed that the total nitrogen 
of medium salted Caspian herring decreased from 3*4 per 
cent (corresponding to 21 per cent protein) by about 
0*75 per cent (to 16*5 per cent protein) and of heavily 
salted by 0*5 per cent (to 18 per cent protein) during 4| 
months' storage. At the same time the total nitrogen 
content of the brines rose, respectively, to 7-9*5 per cent 
and 4*5-7 per cent. There is therefore quite a consider- 
able loss of nutrients in the brine during salting processes. 

Furthermore, results obtained under experimental 
conditions on a small scale are liable to be different from 
those obtained commercially. For example, salt takes 
much longer to penetrate into a large compact mass of 
fish than it does into a small sample (67). 

Van Klaveren and Vaillancourt (85) estimated that 
50,000 tons per annum of waste brine from industrial 
cod-salting in Canada contained 0*6 per cent of protein- 
aceous material. This could in theory be recovered by 
heat coagulation to yield (after filtering, etc.) a product 
containing 15 per cent of protein and 1 per cent of ash, 
with an amino acid composition similar to muscle 
proteins. However, this recovery was not regarded as 
economically practicable. Furthermore, free amino acids 
remained in the mother liquor, chiefly taurine, which is 
one of the commonest in fish muscle. 

Table II suggests that pickle salting of herrings results 
in about 50 per cent loss of all the B vitamins. The 
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amounts of riboflavin and niacin retained are only about 
half of those given in the FAO tables (16). 

The degree of purity of the salt itself has a considerable 
effect on the quality of the products (72). Commercially 
used fishery salts throughout the world frequently contain 
several per cent of calcium and magnesium salts as well 
as sulphates which can adversely affect flavour and 
appearance. A good fishery salt as used in Eastern 
Canada should contain not more than 0-5 per cent of 
insoluble matter (11). By comparison, on the west coast 
of India the sodium chloride content of the salts used 
varied from 78 to 96 per cent and impurities were corres- 
pondingly high (47). Salts of marine origin no doubt 
contain an ample number of trace elements, which may 
perhaps be of nutritional interest. 

2. Permeated products 

In the foregoing types of product, the fermentative 
maturation, although essential for the attainment of the 
desired flavour and texture, is still a secondary considera- 
tion compared with the preservation by salt. There are, 
however, in Europe a few minor examples of products in 
which a somewhat greater degree of fermentation is the 
principal object of the treatment which involves only a 
relatively small amount of salt. Thus, "rak0rret" in 
Norway is slightly salted trout, packed in small barrels . 
and allowed to autolyse at temperatures close to 0C 
(32F) (68). Both fish and brine contain free acWs 
formed by autolysis which, it is suggested, help to 
check bacterial development. Similarly, surstr6mming'* 
is a Swedish fermented pro^titt made from small herring 
preserved in brine (69). 

Outside South-East Asia there is today little that 
resembles the completely autolysed and liquefied fish 
sauces such as "nuoc mam" and similar fermented fish 
products (dealt with in a subsequent paper by Dr. K. 
Amano). These result from salting fish, chiefly by method 
(iii), in climates where the heat induces pronounced auto- 
lytic changes during and after the penetration of salt. 
However, on the Mediterranean coast in classical times a 
similar product called "garum" was produced from fish 
viscera exposed to the heat of the sun in jars (24). In 
Greece "garos" is still the term used for various fermented 
fish products, for example, salted sardines and anchovies 
which are kept for 3-4 months. Proteolysis results in a 
tenfold increase in formol titratable nitrogen, which 
increases to 1-1 *2 per cent in the product, or about 20 
per cent of the total amino nitrogen. The characteristic 
flavour is stated to be due to dicarboxylic amino acids, 
such as aspartic acid and glutamic acid (44). Creac'h (22) 
describes a true garum still prepared in the south of 
France, known as "pissala" and made from small fry. 
Although presumed to be completely autolysed, nothing 
is known of its composition or nutritive value. 

A more important product from Sudan is "fessikh" 
made from a small fatty fish from the Nile slightly salted 
and packed in old petrol cans, but again nothing seems 
to be known about its composition or nutritive value. 



3* Marinated 

Marinated fish or shellfish are mild cured products 
prepared by using various mixtures based on salt and 
vinegar. Different recipes use 0*5-3*5 per cent of acetic 
acid, up to 6 per cent sugar, along with 3-10 per cent of 
salt and various spices, some of which also have bacterici- 
dal properties (34). The vinegar can be added either cold 
or hot, or the fish can even be boiled in vinegar, so as to 
cook it thoroughly; or it can be applied after frying the 
fish in boiling fat (as in the German "Bratmarinaden"). 
For the cold marinaden, preservatives such as sodium 
benzoate or hexamethylenetetramine are often added to 
delay spoilage and all these products really need cool 
storage. Considerable proteolysis occurs (3) as a result 
of the activity of visceral enzymes during the "ripening" 
process. At first actomyosin becomes less salt soluble, 
but soluble nitrogen later increases due to the breakdown 
of protein to amino acids, some twelve of which have been 
detected. White crystals of 1-tyrosine sometimes become 
visible (81). As a result of loss of protein and water, 
marinated fish lose weight during storage. This loss can 
be as high as 40 per cent on storage for 6 months at 
25C (77F) (57a). As far as vitamins and minerals are 
concerned, Tables II and HI show that marinating 
followed by canning has no particularly adverse effect. 
In fact, owing to the softening of the bones by the vinegar 
(and the canning) the calcium content is much higher 
than for the original material. Table IV, however, is a 
reminder that there are substantial losses of protein in 
this type of cure. Products like these are eaten for their 
savoury quality, and not for their nutritive value. 



4. Salted and dried 

This combination is probably the commonest and most 
effective method of preservation throughout the world. 
The archetype in the North Atlantic area is dried, salted 
cod. Heavily salted cod, in which between 33 and 40 
parts by weight of salt may be used to 100 parts of fish, 
usually contains 18-22 per cent of salt, corresponding to 
saturated brine in the residual tissue fluids, whether pickle 
salted or left in wet stack with solid salt. There is more 
variability after drying owing to variations in washing 
prior to press-piling, but the salt content is around 25 
per cent. Again there are less heavily salted variants, such 
as the Gasp6 cure in Canada in which only 7-8 parts of 
salt is used to 100 of fish and which contains about 13 
per cent of salt when dried. This is admired for its special 
flavour, produced as a result of controlled fermentation. 
Very lightly salted cures may contain as little as 5*5 per 
cent salt and 74 per cent water (28). Considerable atten- 
tion is paid to the quality of these products in the major 
producing countries, and often Government standards 
are laid down and inspection schemes instituted. Control 
of quality of most other salted and dried products is very 
variable. Philippines herring (Sardinella sp.), brine- 
salted in the round and dried in the sun for the preparation 
of "tuyo", should, on the recommendation of tech- 
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nologists, contain 8-10 per cent of salt and 25-30 per cent 
of water (84), but there are no regulations or inspection. 
Often the commercial product contains much more salt 
than this, as fish processors tend to oversalt in the belief 
that they can thereby improve stale or slightly tainted 
fish. 

The degree of drying varies greatly from product to 
product For example, the "semi-dried" prawn (Peneus 
monodori) of India, which is boiled in brine for a few 
minutes to facilitate shelling and then brine-salted further 
before drying, has a moisture content of 45 per cent with 
10 per cent salt (88). 

Commercially produced products in India are very 
variable in composition (49) and are often extremely poor 
in quality. In Bengal, for example, typical commercially 
sun-dried fish contained 12-17 per cent of moisture, 40- 
69 per cent of protein, 2-14-25 per cent of fat and 8-27-5 
per cent of ash. Sand and mud are present as impurities, 
which results in a high iron content of 12-100 mg./lOO g. 
It is noticed that decomposition starts before the moisture 
content is low enough to stop bacterial growth. The 
products are also rancid, and it is concluded that current 
curing processes are unsatisfactory from the standpoint 
of hygiene and health and should be improved. 

On the West Coast of India, similarly, the ratio of salt 
to fish used varies from place to place, and according to 
size of fish. The moisture content of products varies 
from 20 to 50 per cent (although it is mostly between 40 
and 45 per cent), and salt content between 7 and 21 -5 per 
cent (mostly about 14 per cent) and protein between 23 
and 45 per cent. Products spoil easily, tend to be either 
too dry or too crumbly and some are unwholesome (47, 
87). It is known that spoilage is slow when the water 
content is 25 per cent or less (58a), but atmospheric 
conditions often make it impossible to obtain a stan- 
dardized dried product. 

Traditional curing processes nearly always involve 
damaging the fish, for example by cutting or pressing. 
This results in the mechanical release of any oil that may 
be present, which distributes itself over surfaces and then, 
as a result of the easier access of atmospheric oxygen and 
being so unsaturated, readily undergoes oxidative 
rancidity, polymerization, etc. Drying, too, causes 
shrinkage offish and similar exposure of the surface layer. 
Although it is obvious from their dark colour and rancid 
odour that many traditionally dried products are sold in 
an advanced degree of fat oxidation, in some places (e.g. 
Hong Kong) this is regarded as a sign of high quality. 
In the case of dried, salted cod, on the other hand, any 
darkening is regarded as deleterious. Cupric ions activate 
the amino-sugar browning reaction and for this reason 
the use of salt containing less than 0-2 p.p.m. of copper 
has been recommended (29, 75). 

The effect of salt as a pro-oxidant for fish oils is not 
dear-cut Although salt promotes rancidity in frozen 
fatty fish (10), this has been regarded as possibly an 
indirect physical effect of increasing phase interface and 
not specifically pro-oxygenic (Banks, private communica- 



tion). If fish is covered with saturated salt-brine, in which 
oxygen is practically insoluble, rancidity develops only 
extremely slowly. In dried, salted fish, however, the 
oxygen has easy access to the oil however little there is. 
The dietary implications of the regular consumption of 
oxidized lipids on the availability of vitamins A and E 
have been considered by Olcott. 

Lipolysis also takes place during drying, even in lean 
fish, such as cod, which has a total lipid content of only 
about 0*6 per cent. Cardin and Bordeleau (14) (quoted 
by Lovern under Part II, Sect. 2) showed that in both 
heavily and Oaspd-cured cod the proportion of free fatty 
acid reaches 50 per cent of the total lipids before Upases 
are inactivated. 

Various types of halophilic micro-organisms can also 
result in spoilage of salted cod; but these are inhibited by 
hard drying and especially by storage at 5C (41F) or 
below. As fish containing a saturated salt solution is in 
equilibrium with 76 per cent relative humidity (20), it is 
practically impossible to dry salt fish naturally in an 
atmosphere of more than about 70 per cent relative 
humidity. Spoilage often results from too slow drying and 
the absorption of moisture during storage under humid 
conditions. 

Tables II and III suggest that there are some processing 
losses of B vitamins in the case of dried, salted cod, 
although, if allowance is made for the salt content of the 
product, the implied losses of riboflavin, etc., seem sur- 
prisingly low. The value for niacin is again only about 
half of that proposed by Chatfield (16). Regarding 
tropical products, early work indicated that vitamin A, 
thiamine and riboflavin were completely destroyed by 
salting and drying (86). However, Adrian (2) found that 
the quantities of the B vitamins retained in samples of 14 
species of salted and sun-dried sea fish from Angola 
varied by a factor of about 10. Except for riboflavin, the 
average values were not much below those that might 
have been expected from the fresh fish. Nine amino acids 
were estimated and it was found that the percentage of 
any one of them was liable to vary by a factor of about 2 
from product to product. Rats fed on a diet containing 
5 .per cent of dried Caranx carangus and Trachurus 
capensis both gained about 25 per cent more weight than 
ones fed with an equivalent amount of a Togoland whole, 
ungutted and unsalted anchovy, "abobi" (Engraulis 
enchrasicholus), dried on the beach. The ash content of 
the latter was 22 per cent, presumably mostly sand, but 
otherwise it was roughly the same in all-round composi- 
tion as the Angolan specimens. Some 28 per cent of the 
amine nitrogen in the "abobi" was present as free amino 
acid, possibly as a result of the hydrolysis by visceral 
enzymes, as compared with 2*8 per cent for dried 
Trackurus capensis. Obviously, there are large differences 
in the nutritive value of West African salted and dried fish, 
but the causes cannot be deduced from the data. 

Ferreira (30) also found that the amino acid composi- 
tion of the protein does not depend on the type of salting 
and drying, or on the degree of drying. Semi-dried 
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prawns from India, too, showed no appreciable changes 
in essential amino acids (15). 

In the North Atlantic countries, natural sun-drying has 
declined in favour of controlled drying in mechanical 
dryers (21), which results in a quicker drying and a more 
consistent product. Such methods are to be recommended 
for standardized control of production of other dried fish 
commodities, and will probably ultimately replace sun- 
drying even in tropical countries. The improved products 
would not be expected to be greatly superior nutritionally 
to the natural product, except perhaps in riboflavin 
content, which seems to be lowered by exposure to 
sunlight. 

5. Mild com 

(a) Salted. Lightly salted herring, eaten raw a day or two 
later, are popular in Norway and particularly in Holland. 
The protein has only just begun to coagulate and in fact 
even the parasitic ncmatodes are still alive (48). Similar 
types of product are current in Japan, Borneo, etc. They 
should all be substantially the same, nutritionally, as fresh 
fish. 

(b) Dried. Mild cures are also made for local consump- 
tion in some parts by slightly wind-drying fish. For 
example, the "spelding" is a very localized product, made 
in North-East Scotland, from a split haddock which is 
lightly salted and slightly dried in the open air, thereby 
acquiring an attractive, delicate, "cured" flavour. It may 
be presumed that the nutritive value is practically 
unchanged from that of fresh fish. 

(c) Boiled in brine. This process, which is common 
throughout South-East Asia, combines salting with a 
heat treatment resulting in partial sterilization. The 
product can be marketed either (i) without further treat- 
ment, merely wrapped in bamboo leaves and packed in 
baskets for sale; or (ii) after subsequent sun-drying, or 
hot-smoking. 

6. Summary 

It may be concluded that salting as a process, whether 
combined with drying or not, results in some loss of 
nutrients along with the brine, and that there is often a 
further loss of protein as a result of autolysis, which plays 
an essential part in developing the required flavour during 
ripening. There is some loss of vitamins in salting, 
depending on the severity of the process; the protein 
composition and availability can also be adversely 
affected. Whereas standards of composition and quality 
of some types of product are very strict, in most cases 
there is no effective control and great variability in 
palatability as a result. 

ID. SMOKED FISH 



1. 

An example of fish smoked without salting, or separate 
drying* is the hot-smoked (and thereby cooked) "bonga" 
of West Africa. There are various grades of quality, 
depending on the degree of smoking, and the frequency 



of resmoking required to maintain edibility prior to 
eventual sate. The least ,smoked and dried is regarded as 
the best. Such a process must be quite common under 
primitive conditions, particularly on a domestic scale, 
but no data of nutritional interest seem to have been 
recorded. 

2. Salted and smoked 

The "red herring'* is an example of cold-smoking a 
heavily salted, ungutted product (23). It is smoked for a 
week, losing a total of 20-25 per cent of its original weight. 
The final salt content is about 14 per cent. Formerly, a 
hot-smoked herring seems to have been current a 
longer-keeping ancestor of present-day "Stickling" (54), 
and there must be many similar types of product made in 
hot countries. 

Spoilage by moulds rather than bacteria is a problem 
with this type of product. 

Proximate analyses are available for products such as 
red herring (71), and various tropical cures (Ha); but 
little extra is known about the effect of the smoking on 
nutritive value, additional to the effect of salting by itself, 
already dealt with. 

Various combinations of all three processes of salting, 
smoking and sun-drying also occur, in various orders. 
For example, Johnson (39) made an acceptable cure in 
Ghana by brining the fish for 18 hours, sun-drying for 3 
days and then smoking at 60C (140F) for a day, until the 
water content was 25 per cent and the salt content 9 per 
cent. 

3. Mild cures 

Fish can be cold-smoked (at a temperature insufficient to 
coagulate the protein) and subsequently eaten cooked (as 
with kippered herring) or raw (as with smoked salmon), 
or hot-smoked, as with the German "Stickling", Russian 
"Saiaka" (51) and smoked flatfish and eel. These pro- 
ducts are all very savoury and palatable if consumed 
whilst still fresh. 

The decrease in weight due to the evaporation of water 
(a technological loss) during mild smoking can be from 
5 to 25 per cent of the weight of the fish. The salt content 
is usually between 2 and 3 per cent (23, 70) (although 
occasionally it can be as excessively high as 8 per cent); 
but in smoked salmon it is normally between 3 and 6 per 
cent in various parts of the same fish (36). In some types 
of product, smoking is so slight that the fish is scarcely 
even coloured by the smoke. 

The amounts of smoking and drying undergone by the 
fish in the manufacture of a particular product are also 
subject to considerable variation in the traditional 
process; so that, unless controlled mechanical methods of 
production and quality control are applied, the keeping 
quality tends to be rather variable and the reliability of 
the product is thereby decreased. However, in this case 
such improved methods should not alter the nutritive 
value of the product to any significant extent. 

A variant from the Philippines, "tinapa", is made from 
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Sardinella sp. by boiling in brine for a few minutes, 
followed by hot smoking, so that the product contains 
5-15 per cent of salt and 55-60 per cent of water (84). 

Loss of solids in the concentrated cold brine dip by 
solution of protein, etc., can amount to about 1 per cent 
of the weight of the fish in the case of cod fillets (Aitken, 
unpublished). 

The proteins of lightly-smoked fish are said to be as 
easily digestible as those of unsmoked cooked fish. Early 
work (53) showed that there was no appreciable loss in the 
small amounts of vitamins A and D in herring flesh 
during smoking and subsequent canning. Junker (42) 
also found no destruction of vitamin A. Some isolated 
results for haddock and herring suggested that there was 
some loss of thiamine in smoking, but the values were 
low in any case. More recent data of Hoogland (35) on 
cod and haddock, and Klocke et a/. (46) on freshwater 
herring (Leucichthus artedi) and sucker (Catostomidae sp.) 
from Lake Michigan (nearly 75 per cent retention of 
niacin), taken with the analyses of Taarland et al (79) 
show fairly conclusively that there is no appreciable loss 
of B vitamins in mild smoking, hot or cold, even when 
followed by subsequent canning of the product (see 
Table III). 

4. Summary 

To sum up the effect of smoking, it is to be expected that 
hard salted and dried, smoked fish will show losses of B 
vitamins and protein value associated with these pro- 
cesses. However, mildly smoked fish is not detectably 
less nutritious than fresh, unprocessed fish. Again, the 
lack of standards of quality hinders increased consump- 
tion. 



IV. CONCLUSIONS AND DISCUSSION 

(1) Analyses of cured fish are far fewer than those of 
fresh fish and very few enable the nutritive effects of a 
given process to be assessed, because there is often no 
direct comparison of fish before and after curing. The 
methods of determining nutritive quality (for example, 
amino acid composition) are not always free from uncer- 
tainty and some vitamins are notably difficult to extract 
quantitatively from dry material. The conclusions drawn 
from data are sometimes unjustified. Abstracts can be 
misleading and even erroneous. 

(2) From the limited published evidence available it 
would appear to be justifiable to conclude that the pro- 
cesses of drying, salting and smoking, in themselves, do 
not have a very deleterious effect on the nutritive quality 
offish. Hard, traditional curing for long-term preserva- 
tion, as might be expected, appears to have a greater 
effect than mild, smoke curing for example, the products 
of which are little different, nutritionally, from fresh fish, 
which they also resemble in keeping quality. 

Processing losses, which include the escape of and the 
damage to nutrients, although not negligible can never- 



theless be regwdbd as relatively small. For example, some 
90 per cent of the vitamin assays for the whole range of 
cured products presented in Table HI indicate that more 
than SO per cent of the original vitamin is retained in the 
product. In the main there appears to be no great reduc- 
tion in the digestibility of the protein in cured fish, but a 
range of 0-40 per cent reduction in Pepsin Digest Residue 
index has been reported. In addition, 75-85 per cent 
retentions of amino acid are quoted for some dried 
products. 

(3) The loss of water, a technological loss inherent in 
most processes, naturally results in an apparent increase 
in the concentration of nutritionally important consti- 
tuents, and represents an increase in nutritional value for 
weight purchased. The bulk of evidence presented indi- 
cates that the most important nutritive effects of drying, 
salting and smoking are the losses of edible flesh and 
nutrients, which take place during trimming, during 
handling due to accidental loss, and during curing. 
Deterioration of edible material and losses due to pest 
infestation during the subsequent storage of products 
should also be considered to be of significance nutrition- 
ally. These losses, apart from trimming and accidental 
losses, which may be utilized at considerable nutritive 
loss in fish meal production and animal feeding, are not 
normally recoverable. As hard cured fish must be 
considered primarily as a means of storing high grade 
protein, the vitamins and minerals, it is suggested, being 
only of minor importance, these losses, which determine 
nutritive quantity, should be studied closely. 

(4) Although new methods of dehydration (such as 
freeze-drying, which is commercially in its infancy, 
primarily for foodstuffs other than fish) result in little 
change in the nutritive value, the acceptance of the 
products, when rehydrated as fresh fish, is somewhat 
qualified by textural changes. 

(5) Although the dearth of data about the nutritive 
value of cured fish has resulted in existing food tables 
being unsatisfactory, nutritive value is only one aspect of 
quality, and although more data of this nature are highly 
desirable, priority should be given to acquiring data on 
yields, losses and quality as understood by food tech- 
nologists. It is more important from the nutritional 
standpoint to ensure that all the fish that can be caught is 
processed, to give the maximum yield of a satisfactory 
product that people will want to eat. Many commercially 
available products are of inferior and variable quality. 
These could be improved, with a view to supplying the 
maximum amount of protein in the best possible way, by 
the application of the technical knowledge that is already 
available immediately, without awaiting further nutri- 
tional data. 

(6) It must be recognized that there are cases at present 
where the fish that is cured is too spoiled to be used for 
other purposes, and that, in fact, curing can be a useful 
outlet for such fish. This attitude can have an adverse 
effect throughout an industry. Although it is true that 
dark, rancid, oxidized, spoiled, sandy and insect-infested 
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products are marketed aad even relished in many parts, 
this may not be so for much longer. As developing 
countries become industrialized and transport and 
standards of living improve, they are liable to repeat the 
pattern of development of Western Europe and North 
America in preferring milder cures* Despite conservati- 
vism, less intense flavours should come to be preferred as 
fish becomes cheaper and more plentiful, so that it can 
be used as a source of protein instead of as a condiment. 
With such an increasing world trend towards less heavily 
cured fish, the problem of the nutritional losses of hard 
cures will gradually become insignificant. 

(7) In the transition period, curing will continue to 
play a part in world nutrition for many years. But if the 
maximum use is to be made of this source, quality must 
be improved and standardized. The methods applicable 
in a cottage industry need to be rationalized for mass 
production, if the output is to be of satisfactory quality 
and consistency. This can be effected only through the 
operation of quality control and inspection, for example 
by Government organizations, with the necessary 
technical knowledge to formulate and implement speci- 
fications and standards of product and process. 

(8) Mild cured products also require standards, control 
and inspection, particularly if adopted in warm climates, 
and methods of production and distribution defined so as 
to prevent the marketing of grossly deteriorated products 
of poor eating quality. 
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Newfoundlanders at work drying and salting cod "making fish" as they call it. 
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THE INFLUENCE OF FERMENTATION ON THE NUTRITIVE VALUE 

OF FISH WITH SPECIAL REFERENCE TO FERMENTED 

FISH PRODUCTS OF SOUTH-EAST ASIA 

by 
K. AMANO 

Fermented fish pastes and sauces are eaten in the protein-deficient Far East as condiments to relieve the monotonous rice diet. 
Individual dally consumption is not great, but use is virtually universal, and nutritional return is significant. The author examines how 
various fermentation processes change nutritive value. Products manufactured under about 60 names are grouped for examination according 
to their principal fermenting agent. Two groups of traditional products are discussed as well as non-traditional products manufactured by 
chemical hydrolysis, acid ensilage, and a new "quick" method. 

The author found nitrogen loss during fermentation of traditional products averaged about 30 per cent. Amino acid retention 
seemed fairly good. Fermented fish oil had little nutritional value, due to developing rancidity. Nutritional significance of B vitamins was 
judged minor. 

Three proposals to hasten fermentation are discussed. The author finds no reported cases of serious poisoning from product con* 
sumption. He finds reasonable assurance of nutritional value in each product and urges establishment of quality control. 

INFLUENCE DE LA FERMENTATION SUR LA VALEUR NUTRITIVE DU POISSON, NOTAMMENT 
POUR LES PRODUITS FERMENTES DU POISSON DANS LE SUD-EST ASIATIQUE 

Les pates et sauces de poisson ferment* sont consomm6es dans l'Extr6me-Orient, ddficitaire en prottines, commc condiments pour 
relever le regime monotone du nz. Leur consommation journali&re par individu n'est pas grande, mais leur usage est pratiquement universe!, 
et leur avantage en alimentation significatif. L'auteur examine comment les divers proc6d6s de fermentation peuvent modifier la valeur nutri- 
tive. U a group* des produits fabriquta sous 60 noms divers a peu pits, pour les etudier en fonction du principal agent de fermentation. II 
examine deux groupes de produits traditionnels, ainsi que des produits non traditionnels, fabriqus par hydrolyse chimique, par ensilage sous 
acide et par une nouvelle m&hode rapide. 

L'auteur a trouv6 que la perte d'azote durant la fermentation des produits traditionnels se situait a une moyenne de 30% environ. 
La retention des acides amines semble assez bonne. L'huile de poisson ferment* a peu de valeur nutritive par suite du d6vcloppcment du 
rancissement. La signification nutritionnelle des vitamines B a 6t6 consid6r6e comrae secondaire. 

Trois propositions destinies a acctterer la fermentation sont examinees. L'auteur n'a dfeouvert aucun cas signal* d'empoisonnement 
s*ricux par la consommation du produit. II a trouv* pour chaque produit une assurance raisonnable quant a sa valeur nutritive, et il souligne 
Turgence d'un contrdle de qualit*. 

EFECTO DE LA FERMENTACXON EN EL VALOR NUTRITIVO DEL PESCADO, CON ESPECIAL 
REFERENCIA A LOS PRODUCTOS PESQUEROS FERMENTADOS DE ASIA SUDORIENTAL 

Las pastas y salsas de pescado fermentado se consumen en las regiones del Extreme Oriente en las que escasean las proteinas para 
aliviar la monotonia de una alimentacidn a base de arroz. El consume diario individual no es grande, pero el empleo de estos productos es 
virtualmente universal y su importancia nutritiva de significaci6n. El autor examina la manera en que varies procesos de fermentacion cam- 
bian el valor nutritive. Los productos manufacturados bajo unos 60 nombres distintos se agrupan para examinarlos segiin su principal agente 
de fermentati6n. Se estudian 2 grupos de productos tradicionales, asf come productos no tradicionales preparados per hidr61isis quimica 
ensilado acido y un nuevo m*todo "ripido . 

El autor ha comprobado que la p*rdida de nitrdgeno durante la fermentaci6n de los productos tradicionales es, por t*rmino medio, 
de un 30%. La retencidn de amino&ctdos parece ser bastante buena. El aceite de pescado fermentado tiene escaso valor nutritive debido a 
la aparic&n de rancidez. La importancia nutritiva de las vitaminas B se juzga de poco valor. 

Se examinan 3 propuestas para acelerar la fermentacion. El autor no encuentra noticias de cases de envenenamientos craves por 
consumir estos productos. En todos ellos determtna un valor nutritive bastante razonable e insta a que se establezca un control de la calioad. 



* I ^HE daily diet of the protein-deficient Far East is 

I closely linked with fermented fish products. Fish 

JL pastes and sauces are used as condiments to 

brighten monotonous rice dishes. No one eats a great 

daily volume of these products, but almost everyone 

consumes a little bit every day* 

The nutritive return is significant For example, 40 g. 
per person per day of a Vietnamese fish sauce accounts 
for 7*5 per cent of an individual's total nitrogen intake. 
Flavour is of first importance, and South-east Asians 
are connoisseurs of these products. Both flavour and 
nutritive value depend on the fermentation process. 



Fermentation is also an important factor in preserving 
and shipping fish in these hot, damp countries, parti- 
cularly for handling surpluses from large seasonal 
catches. 

Fish pastes, sauces and miscellaneous fermented fish 
are manufactured under about 60 names in South-east 
Asia. "Fermented fish product" is rather ambiguous, 
since dried or salted fish may become fermented in time. 

The term "fermented fish product" is defined and dis- 
cussed here as a type of processed fish obtained by 
maceration (or hydrolysation) by introducing microbial 
action in the process, normally in the presence of salt. 
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The object of this paper is to examine how fer- 
mentation processes change the nutritive value of these 
products. 

The variety of products will be grouped into three main 
categories. Categories will depend on the principal 
fermenting agent. Each agent has a different effect on the 
natural nutritional level of the fish. 

The proposed groups are: 

(I) Traditional products, mainly fermented by the 
action of enzymes in fish flesh and entrails, in the presence 
of salt. 

(II) Traditional products, fermented by combined 
effects of fish enzymes and microbial enzyme, microbial 
enzyme prepared and added as a starter in addition to 
salt. 

(III) Non-traditional products manufactured by 
acceleration of fermentation, acid ensilage and chemical 
hydrolysis. 

For group (I) products, use of entrails seem sig- 
nificant for manufacture. This is because digestive system 
enzymes disintegrate fish protein faster than flesh 
enzymes. Some kinds of fish seem to have compara- 
tively high-powered enzyme action, suggesting they are 
more suitable for fermented products. 

Also in these products the addition of salt may help 
stop bacterial decomposition during processing, but less 
salt means rapid formation of amino acid. It also means 
greater loss of ammonia nitrogen. Minimum salt con- 
centration to keep down ammonia formation should be 
20 per cent of product weight, the usual commercial 
proportion used. As always, purer salt means quicker 
hydrolysis. 

Some variety of bacteria may be indispensable for 
flavour in these group (I) products; but halophilic micro- 
organisms surviving in fermented fish tend to produce 
ammonia rather than amino acids. 

The little information about group (II) products seems 
to suggest the major fermenting agent is lactic acid with 
fermentation developing in the mixed cereals. The 
amount of lactic acid formed in one product was as high 
as 7 per cent on a moisture-free basis. However, the 
significance of the fish enzymes cannot be ignored. 

In fish paste preparation, incorporation of the mould, 
Aspergitlus oryzae, was found promising. It may com- 
plete fermentation in a shorter time. Fungal action in 
commercial preparation of Katsuobushi was noticeably 
important. 

During fermentation in both group (I) and group (II) 
products, nitrogen loss averaged about 30 per cent. It 
may be smaller in fish sauce, because the process involves 
less drainage. In both sauce and paste, amino acid 
retention was fairly good, but there is not enough 
information on this. 

Fermented fish oil is of little nutritional value because 
of developing rancidity. The nutritional significance of 
B vitamins in the products was minor. 

Further research is needed before proposals to hasten 
fermentation can be applied. Such proposals discussed 



here are: temperature rises, use of enriched enzyme and 
combination with chemical hydrolysis. 

No serious cases of fermented fish poisoning have been 
reported. But there have been sporadic outbreaks of 
botulism type E from Izushi, the Japanese home-made 
fermented fish in group (II). 

The nutritional value of each product is reasonably 
assured. However, it is stressed that quality control 
should be established. 

For general aspects of fermented fish, the reader is 
referred to papers by van Veen and Westenberg (44, 47, 
48). An excellent review by Ngo-Ba-Thanh (28) deals 
particularly with Nuoc-mam. The Fisheries Products 
Manual, edited by Subba Rao (37), offers more detailed 
description of the individual products in South-east Asia. 



GROUP I: TRADITIONAL PRODUCTS, MAINLY 

FERMENTED BY THE ACTION OF ENZYMES 

IN FISH FLESH AND ENTRAILS IN THE 

PRESENCE OF SALT 

A number of fermented products abundantly produced 
in th* South-east Asian countries belong to this group. 
Ngapi (Burma), Shidal Sutki (India), Shiokara (Japan), 
Tkeiandran (Malaya), Bagoong, Patis (Philippines), Trassi 
(Sumatra), Kapi, Nan-Pra (Thailand) and Nuoc-mam 
(Vietnam) are the main items. 

1. Proteolytfc enzyme in raw fish related to fermentation 

These products are mostly prepared by heavy salting to 
avoid activity of spoilage bacteria. Therefore, in the 
presence of large amounts of salt, the activity of proteo- 
lytic enzyme becomes more significant for the hydro- 
lysation of fish. 

The proteolytic activity of the fish enzymes is not, 
however, necessarily high, and a fairly long time is 
required to finish the process. 

Partmann (31) investigated proteolysis progressed in 
the homogenatcs and block meat of tench muscle during 
storage at to 20C by using toluene as antiseptic. It 
was found that during storage at 0C for over 2 months, 
little increase in basic nitrogen and amino nitrogen 
(about 20-30 per cent increase) occurred. Also, during 
storage at 20C, a significant increase in tyrosine nitrogen 
occurred after 1 to 2 months. 

(i) Enzyme activity and species of fish. The potential of 
proteolytic enzyme seems to vary with fish species. 
Ground fish, such as haddock, have less activity of proteo- 
lysis than pelagic types like mackerel or anchovy. 
Chesley (4) examined the correlation between enzyme 
activity and movement of fish in varieties such as 
mackerel, menhaden, scup, sea robin, puffer and toad 
fish. He reported higher activity in fish with greater 
movement. 

From findings described by Ptdlaoan (32), species such 
as slipmouth, goatfish and lizard fish are not rich in 
proteolytic enzyme, because they indicated poor develop- 



181 



Fish in Nutrition: Influence of Processing 

mcnt of hydrolysation even alter 6 months' storage under 
tropical temperature* 

(ii) E)eactff*tyaBdbo4ityportiMoffl^, Activity 
level of protein-splitting enzyme differs with the portion 
of the fish. In general, the enzyme is more active in the 
digestive system than in muscle tissues. Fujii et al (8) 
pointed out that in sardine (Sardinella melanostictd) 
pyloric caeca was found to have higher protcolytic 
activity than stomach. The flesh portion indicated the 
least potency. In terms of the amount of amino nitrogen 
generated after 65 hours 9 storage at 3SC from 2 ml. of 
5 per cent neutral casein solution by the action of slurries 
prepared from different portion of sardine, pyloric caeca 
gave 3*88 mg., while stomach and muscle gave 2*28 mg. 
and 1*39 mg. respectively. These workers observed a 
certain degree of protcolytic enzyme even in sardine 
muscle tissues. Sardine is used and highly prized by 
manufacturers of fermented fish in the region. Ros6 (33) 
tested glycerin extract of various portions of fish for 
liquefaction of gelatine, and reported that the activity of 
viscera was twice as high as whole fish, while muscle 
extract gave none of the activity. 

According to Luijpen (19), trypsin in the pyloric caeca 
taken from freshly caught herring substantially con- 
tributed to endopeptidase activity. In the stomach of 
herring, it contained considerable pepsin; but pepsin 
activity should have little importance in the pH range of 
the brine normally used for Maatjes herring. Cathepsin 
was almost negligible in herring liver and muscle. He 
mentioned that the presence of pyloric caeca is necessary 
for the development of the Maatjes flavour. 

Croston (5) also examined tryptic enzyme of pyloric 
caeca from chinook salmon, and activities were found 
with properties similar to mammalian trypsin and chymo- 
trypsin; but the fish enzymes were inactivated in acidic 
solutions in which mammalian enzymes are stable. The 
optimal pH for proteolysis by the mixed fish enzymes was 
pH 9*0 and the optimal temperature was 49C. 

(iii) Enzyme activity and fishing season. There may be 
a possibility of change in enzymatic activity of certain 
species of fish according to its fishing season. Kashiwada 
(16) reported a difference in proteolytic strength of 
pyloric caeca from skipjack caught in different fishing 
seasons. As to the skipjack caught by pole line in waters 
near Japan, the potency of proteolytic enzyme reaches 



maximum in April and lowers from June to August. 
It recovers again in winter. It is interesting that April 
is the month of the year when the abundant catch 
of skipjack is normally expected. The coincidence 
between the best fishing season and the period of high 
level of proteolytic enzyme in pyloric caeca may be 
reasonably presumed, since the fishing is entirely depen- 
dent on hook and line method. 

A similar observation was reported by Ananichev (1) 
on the activities of pepsin, trypsin, amylase and lipase of 
the burbot, pike, perch and bream from the Rybinsk 
reservoir. Maximum activities of pepsin, trypsin and 
lipase was found to coincide with periods of intense food 
intake during the winter months for burbot and during 
summer for pike, perch and bream. 

(iv) The rite of the fish enzymes in fermentation. The 
fermentation process under this category is mainly 
carried out by proteolytic enzyme in flesh and entrails of 
raw fish, though bacterial participation cannot be 
ignored. A comparative study done by Shimidu (35) on 
chemical changes in nitrogen forms of "Katsuo-Shio- 
kara" (fermented skipjack entrails) indicated that enzyme 
inherent in the fish was likely to be dominant in the action 
of splitting protein in the raw materials during 3 months 
of storage (Table I). In the whole heat-processed sample, 
no increase was found in the amount of nitrogen soluble 
in hot water, while the sample with added toluene 
showed increase in both soluble nitrogen and mono- 
amino nitrogen. This was similarly observed in a 
control sample which represented the commercially 
processed product. This fact may indicate the necessity 
of fish enzymes in the fermentation process of this 
group (Table I). 

2. Significant rdle of salt 

The rdle of salt is highly significant to guarantee the 
quality of the finished products in this category. The 
addition of salt can be undoubtedly interpreted as a 
preservative which keeps raw fish from bacterial spoilage. 
The autolytic change in fish is expected to continue during 
storage time. 

Therefore, in these types of products, salt concentration 
becomes most important at the very beginning of fermen- 
tation, since an inadequate amount of salt may induce 
undesirable effects on the product. Sometimes the 
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0*164 
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0*93 
0*124 


0*92 
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0*39 
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amount of salt can be reduced if such a process as drying 
is adequately combined in the fermentation, or if the 
temperature of the material can be maintained at a 
comparatively low range. 

(i) Concentration of salt med in commercial products. 
Proportion of salt to fish varies largely from one product 
to another. For fish sauce, the process is simple. It 
consists of mixing wet fish and salt in the proportion of 
1 : 2 or 1 : 3, and allowing the mixture to ferment under 
anaerobic conditions for periods from 3 months to a year. 
A similar process is being used for fish paste, such as 
Bagoong in the Philippines. The amount of salt generally 
used for these products in South-east Asia is enough to 
saturate the moisture contained in the fish. As most wet 
fish contain about 80 per cent moisture, 1 pan salt to 
3*5 parts fish by weight will furnish a product with only a 
slight excess of salt. 

There are some fish pastes whose salt content has been 
reduced by drying. Examples are Man-torn (Annam) and 
Pra-hoc (Cambodia). Possibly, the saturation of salt may 
be attained in these products by drying, even when the 
addition of salt is in a low range of 10 : 1. 

(ii) Effect of salt concentration on the maceration of the 
product. Since the flavour problem of these products is 
considered as primarily important, chemical changes in 
nitrogenous compounds have been extensively worked 
out, particularly with reference to the quantity of salt 
employed. Rosd (33) demonstrated relation between the 
proportion of salt to fish and the amounts of nitrogen 
compounds transferred to Nude-mam, and noticed' that 
traditional use of salt was safe to retain the nitrogen 
compounds available for human nutrition (Table II). 

From Rosa's earlier findings, it will be obvious that a 
recommendable proportion of salt to fish is not less than 
1 : 4 (20 per cent salt in the mixture). 

Shimidu (34) made a more detailed examination on the 
fermented entrails of skipjack, "Katsuo-Shiokara". 
Addition of 20 per cent of NaCl to the raw material 
should be necessary for maintaining quality. In his 
sample containing 10 per cent NaCl, monoamino N 
reached a level of 1,000 mg. per cent after a month's 



TABLE II 



AmouBtofi 



t after 33 days' 

Proportion of salt to 

fish 1 : 3* 1 : 4 

Total nitrogen fa/l.) 17-3 23-1 

In 100% of total nitrogen 

Organic-N % 91 90*3 

Amino-N % 39*4 39-5 

Ammonia-N % 9 9*7 



i to NuocHnam with 



1 :6 
26-3 



76-0 
38-5 
24-0 



1 : 12 
28-9 



NaCl 



1 :40 
31-3 



68-9 49-3 
32-3 20-7 
3M 50-7 



1 Proportion traditionally used in the Nuoc-mam processing (Ros6, 
1918; (Ngo-Ba-Thanh, 1953)). 

maceration, but it dropped to 930 mg. per cent after 3 
months. The product containing 20 per cent NaCl was 
still showing increase of monoamino N, even after 3 
months. A tremendous development of ammonia was 
observed in the sample with 10 per cent NaCl: 400 mg. 
per cent after a month and nearly 500 mg. per cent after 3 
months' storage, while ISO mg. per cent of ammonia in 
the sample with 20 per cent NaCl was seen after the same 
storage period (Table HI). 

A similar observation was reported by Nagasaki and 
Yamamoto (26, 27) on "Ika-shiokara", a fermented 
product prepared from squid flesh. Addition of 10 per 
cent salt to wet squid meat seemed to be favourable for a 
rapid increase in monoamino acid during the first 30-40 
days' storage, but a large production of ammonia was in- 
evitable. The decrease in amino nitrogen occuring after a 
month's storage at 30C could be substantially arrested 
by mixing more than 20 per cent salt in the raw flesh. 

As to effective retention of nitrogen compounds 
directly available for human nutrition, these works have 
shown fairly consistently that the minimum amount of 
salt should not be lower than 20 per cent of the wet fish, 
when the product is prepared under tropical conditions. 
The salt content of commercially prepared products is 
considered to meet this minimum requirement. 

(iii) Effect of salt impurities on maceration of fish. Salt 
impurities such as magnesium and calcium have been 
regarded as causing delay of salt penetration into fish. A 
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0-07 
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1-23 
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0-03 
2*43 
0*20 
0-16 
0*99 

1-34 
0-93 
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series of works done by Hamm and Clague (1 1) confirmed 
that salt impurities also delay the maceration of Bagoong, 
a fish paste widely produced in the Philippines. The 
objectionable impurities reached as much as 1 -36 per cent 
calcium sulfatc, 3*9 per cent magnesium sulfatc and 2*7 
per cent magnesium chloride (Table IV). 



nit of 
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3-74 


4-82 


5-72 


6-43 


Manila salt 


3TC 


3-89 


6-15 


7-19 
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(iv) Time required for the maceration* One factor 
prohibiting the development of fermented fish production 
in South-east Asia is the long period required to macerate 
the products. The retardation of fermentation is un- 
doubtedly due to the use of large concentrations of salt. 

For fish sauce and paste products, 6 months to a year 
is common to complete the ripening. Work reported by 
Rose* indicated 3 months 9 maceration was not enough to 
get normal product yield in terms of total nitrogen. This 
was with a Nuoc-mam preparation and the traditional 
way of adding salt. 

Storage prolonged more than 6 months also adversely 
affected the retention of amino nitrogen. 

Therefore, in the case of Nuoc-mam, the product 
should be matured from 4 to 5 months to be most 
desirable for nutrition. 



3. Deterioration off i 

(0 



Although 

fermented fish products of group (I) contain much salt, 
certain kinds of deterioration are unavoidable, such as 
ammonia formation. 
Ammonia, however, may have two different origins. 



One is from the activity of the enzymes in fish; the 
other is bacterial. Yamada (46) observed little practical 
effect on the phosphorylation process in which enzymatic 
ammonia formation was involved. In the muscle tissue 
of freshly caught sardine, ammonia content reached 30 
mg. per cent level within 7 hours in the presence of IS 
per cent NaCl. 

In the case of entrails, ammonia formation not caused 
by bacteria also occurs. In a storage test of skipjack in 
which pyloric caeca were kept ascptically under toluene 
and thymol at 40C for 18 days, Kashiwada (17) observed 
a steady increase in ammonia (Table V). 



TABLE V 

of nitrogen distribute fa ikipjack pyloric caeca daring 
autolytic progress 

(Kashiwada, 1956) 



Time of 
storage 



3 

7 
12 
18 



Water-soluble 

N 



2-14 
2-15 
2-15 
2-15 



Ammonia 

N 



95 
110 
111 
111 



Monoamino 

N 



Diamino 

N 



0-95 
1-03 
1-05 
1*08 



0-35 
0-33 
0-36 
0-37 



Storage temp., 40C, toluene 3%, thymol 0-2% are incorporated. 



By using enzyme preparation from pyloric caeca, he 
examined the possibility of precursors on adeninc, 
guanine, asparagine, glutamine, arginine, histidinc and 
urea. None of these were found to generate ammonia. 
Certain compounds in the material, which can be 
precipitated by lead acetate, could be the precursor. 

(ii) Bacterial growth during maceration. According to 
Hamm and Clague (11), bacterial count of anchovy 
Bagoong was found quite low even after a week's storage. 
A Bagoong prepared with Manila salt showed an initial 
count of 3,500,000 and 58,000 after 7 days, and only 100 
per g. of the Bagoong after 56 days at room temperature. 
Therefore, there seems little evidence to account for 
bacterial effect on both "maturing" and deterioration of 
the Bagoong (Table VI). 



Treatment 
Unsaltcd 
California salt 
California salt 
California salt 
Manila salt . 
Manila salt . 
Manila salt . 



Storage 
temperature 

R.T. 
37C 
45C 
R,T. 

37C 
45C 



TABLE VI 
t of anchovy Btgoong stored fa 1 -gallon glass containers 

(Hamm and Clague, 1950) 



Initial 

6,500,000 
2,900,000 

3,500100 



Bacteria per gram after storage period of: 
3 days 7 days 14 days 



15 
16 



46,000 
15,000 

58,000 
16,000 



5,400 

1,800 



6,200 
3,200 



21 days 56 days 1 



320 
110 

2 

350 
150 

5 



80 

80 

60 

100 

100 

80 



1 Samples were stored at room temperature (R.T.) after 4 weeks; anchovies were salted with 1 part salt to 3-5 parts by weight of ground fish. 
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TABLE VII 



coyntta"Ika-SUokara'' 



period at 20C bactarial mbar/nl of the afekfe 



(Nao, 1951) 



Days of storage 


I 




8 


12 


16 




19 


23 


26 


33 


41 


Subculture at 25C 
Subculture at 35C 


9 x 10* 
9 x 10* 


2-7 
2*2 


x 10 f 
x 10* 


1-7 x 10* 
1-3 x 10* 


2-1 x 
1-9 x 


10 
10* 


1-8 x 10 7 
1-6 x 10 7 


4-4 x 10 7 
2-3 x 10 7 


6-5 x 10 7 
5-2 x 10 7 


4-7 x 10 7 
5-2 x 10 7 


3-2 x 10 7 
3-7 x 10 7 



Nagao (25) made bacteriological examinations of 
"Ika-shiokara", experimentally prepared, but in a fashion 
almost identical with commercial production, during a 
period of 41 days 9 storage at 20C. Bacterial count 
changed from original 90,000 to 32,000,000 per g. 
in 41 days. Nagao suspected the possibility of a bacterial 
rdle in the ripening of "Shiokara", particularly in the later 
part of fermentation (Table VII). 

Nagao and Kimura (24) also made identification of 
bacteria isolated from "Ika-shiokara", containing 20 per 
cent NaCl, and described 3 Bacillus spp., 4 Micrococcus 
spp. and a Lactobacillus sp. Most strains were less salt- 
tolerant, except Micrococus flavus, which showed growth 
in a medium containing 10 per cent NaCl. During the 
course of fermentation, Bacillus mycoides, Bacillus 
subtilis, Bacillus mesentericus fuscus, Micrococcus svb- 
flavescens, and Lactobacillus sp. appeared in the product 
up to 5 days, and Micrococcus subflavus, Micrococcus 
freudenreichii, and Micrococcus perflavus were detected 
after 8 days' storage; while fourMicrococci(subflavescens, 
freudenreichii, flavus, and perflavus) were dominant after 20 
days. No halophilic organism, which could grow on the 
medium with 20 per cent NaCl, was isolated from the 
product. 

Zcnitani (50) examined aerobic bacteria in some 
"Shiokara" products, commercially prepared from squid, 
skipjack, yellow tail, mackerel and sea urchin, and found 
that the most frequently isolated species were Bacillus 
subtilis and Micrococcus varians. He reported 7 Micro- 
cocci, 6 Bacilli, 3 Vibrios, Achromobacter and Flavo- 
bacterium. Bacterial counts showed some variations: 
from 1-5 x 10 s to 2-3 x 10 per g. for skipjack 
"Shiokara", and from 3-6 x 10 8 to 2-4 x 10 7 for squid 
"Shiokara"; but storage times from the beginning of 
preparation for these products were not given. 

With regard to salt-tolerance, Bacillus showed good 
growth at NaCl concentration of 5 per cent, whereas 
Vibrio, Achromobacter, Flavobacterium, and Micro ecus 
indicated their best growth at 10 to 20 per cent NaCl. 

Concerning the capability of forming amino acids from 
squid flesh, no appreciable difference was observed in 
these bacteria. However, formation of ammonia differed 
markedly with the species. Vibrio, and the majority of 
Micrococct were able to produce much more ammonia 
than Bacillus; and Achromobacter was also able to 
form ammonia to a large extent (Table VIII). 

Consequently, ammonia production during "ripening" 
process of "Shiokara" could be caused by the growth of 
these bacteria, which resist rather high salt tensions, 



TABLE VIII 



flesh by "Shiokara" bacteria 

(Zcnitani, 1955) 



Volatile ba$ Amino Soluble total 


pH 


N 


N 


N 


Vibrio marinppraesens 7*0 


52-1 


91-0 


188 


V.aquatilis. 


7-2 


56-0 


64-7 


132 


Micrococcus aurantiacu 


s 6-3 


17-2 


62*4 


182 


M. sp. 


6-8 


264 


51-2 


156 


M. citrcus . 


6-9 


28-0 


64-4 


168 


M. flavus . 


6-5 


8-0 


58-4 


160 


M. epidermidis . 


6-9 


26-4 


54-4 


156 


M. conglomeratus 


6-4 


10*8 


61-5 


168 


M. varians . 


6-2 


12-4 


60*0 


172 


Acfyramobacter sp. 


7-2 


24-8 


63-5 


140 


Flavobacterium malinui 


m 6-0 


6-4 


61-2 


180 


Bacillus subtilis . 


6-0 


5-6 


64-7 


164 


B. pumitos . 


6-0 


6-0 


61-2 


169 


B. circulans. 


6-0 


6-4 


59-5 


176 


B. brevis 


6-2 


7-2 


55-6 


156 


B. laterosporus . 


6-2 


4-8 


61-2 


180 


Control . . 6*0 


6-6 


61-9 


172 



although they may possibly contribute to the addition of 
amino nitrogen to some degree. 

(iii) Bacteria contributing the flavour to the fermented 
fish products. Certain bacteria strains have been regarded 
as essential to give a particular flavour to fermented fish 
products. Work on Nuoc-mam by Boez and Guillerm (3) 
indicated that a strict anaerobe isolated from Nuoc-mam 
preparation was indispensable to make up the specific 
flavour of the product. This anaerobe could grow only in 
fish flesh, not entrails. It was supposed to be a Clostri- 
dium, which was highly proteolytic with optimum growth 
temperature between 28 and 45C. 

Two types of anaerobes were also regarded as being 
the cause of the characteristic sweet odour of Colombo- 
cured mackerel. In ihe maturing process of Pedah-Siam, 
a strain of non-spore forming bacteria seemed to induce 
the characteristic Pedah flavour. This strain was highly 
resistant to salt and was able to grow under both aerobic 
and anaerobic conditions. 

(iv) Physical properties. Inuzuka (13) examined physi- 
cal properties of the pickle withdrawn from an experi- 
mental preparation of "Ika-shiokara" containing 20 per 
cent NaCl. According to his results of measurement on 
density, viscosity, surface tension and optical rotation of 
the pickle, optical rotation and density seemed to indicate 
the increase of their values parallel to the "ripening** of 
the product. In these physical characteristics of the 
pickle, optical rotation should be affected by the libera- 



IfiC 
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tion of optically active amino acids, and was presumed 
to be useful for estimating the progress of fermentation. 
Viscosity of the pickle also varied with storage time, 
whereas surface tension showed practically no change 
(Table IX), 



TABLE IX 

in the wives of density, viscosity, swffcce tension and optical 
power of the pickle ebtefesd from "Ika-SMokara" (ftr- 

(Inuzuka, 1933) 



Time of storage 
at25C 




Surface 




NaCl 


in days Density 


Viscosity 


tension 


Rotation 


% 


2 


. 


51-70 


0-47 


16-43 


4 


201 


2-8% 


51-68 


0-60 


16-45 


6 


205 


2*916 


51-70 


0-58 


16-87 


9 


206 


2-950 


51-65 


0-50 


16-45 


11 


208 


3-123 


51-68 


0-45 


16-73 


13 


213 


3-469 


51-72 


0-95 


16-24 


16 


211 


3-431 


51-70 


0-65 


17-43 


19 


212 


3 424 


51-70 


1-02 


15-75 


22 


214 


3-5 


51-72 


1-52 


16-38 


25 


215 


3-608 


51-70 


1-62 


16-48 


28 -216 


3-670 


51-72 


1-81 


16-53 



4. Chemical composition of the commercial products of 

Group (I) 

(i) Nitrogenous compounds. The fermented fish, fish paste, 
and particularly fish sauce are definitely foodstuffs of 
nitrogen source. As indicated in Table X, the protein 
content of fermented fish and fish paste ranges from SO 
to 80 per cent (moisture- and salt-free basis). 

It is difficult to observe the extent of nitrogen loss 
before and after fermentation, since no information 
following the change from raw fish to finished product is 
available. Table X shows that the average content of 
protein in raw fish, such as anchovy or rastrelliger, is 



about 80 per cent (moisture-free basis). The loss in 
nitrogen compound taking place during fermentation will 
be 30-35 per cent of total nitrogen originally contained, 
for the products of Makassar fish, Ngapi, and Pedah- 
Siam. The relatively little loss counted for Shiokara may 
be due to lack of drainage during processing. 

In fish sauce fermentation, a comparatively good yield 
of nitrogen may be assured for the superior quality pro- 
duct. If there were no addition or no evaporation of 
water, the concentration of total nitrogen in the pickle 
would be 2-5 per cent for fish like anchovy. 



TABLE XI 

aiMnlnal jxnmnjiMlttiut nf fftMiuuitJul fiofa i 


HnM . .!-._]., M U,AJ 


1 with MM 


(Fisheries Products Manual, 1961) 
Nuoc- Nuoc- 


1 WIUI Wi 

Fish 




mam 


mam 


Nam-pla Nam-pla 


sauce 




first 
quality 


ordinary 
quality 


Patis 
extra 


high 
grade 


low 
grade 


from 
sardine 


NaCl 


27-5 


28-0 


28-21 


28-15 


28-90 


20-0 


Total-N 


2-2 


1-1 


2-20 


1-92 


0-92 


2-64 


Organic-N 


1-5 


0-75 


2-02 


1-64 


0-62 





Formol-N 


1-6 


0-8 


1-18 


1-13 


0-83 


1-44 


Ammonia-N 


0-7 


0-35 


0-18 


0-28 


0-28 


0-13 



In Table XI, total nitrogen values of varieties of fish 
sauce are shown ranging from 0*92 to 2*64 per cent. 
Such a big difference in the nitrogen content of fish 
sauce is simply due to dilution of the residue of the fer- 
mented fish from which the first pickle has been re- 
moved. 

Table XII' gives a typical change in the chemical 
composition of commercially produced Nuoc-mam at 
various stages of fermentation. In these figures, one can 
see that 2*5 per cent of total nitrogen is obtainable 
during fermentation. In fact, the nitrogen of raw fish can 



Moisture 

Nad 

Protein 

Fat 

Ash 

Ammonia 



Makassar fish 
from anchovy 

65-8 



i 



15-0 

0-4 

16-9 



TABLE X 



fish and fermented fish pastes 



Ngapi 
from 
shrimp 

43 
22 
20 
2 
27 
0-6 


Pedah-Siam from 
rastrelliger lean 
fish 

44-47 44-47 
15-17 12-18 
21-22 26-37 
7-15 1-5- 7 


Trassi 
38-2 

38-7 
3-4 
12-4 


Trassi 
udang 

55-57 
15-20 


Trassi 
ikon 

25-50 
20-45 



Raw Fish : 

Protein (moisture- and salt-free 

basis) . . . . %55 
Protein (moisture-free basis 
Loss in protein before 

fermentation. 



57 
83 



%31 31 



52-47 
80 1 

35 



59-7 



78 



Belachan Kapi 

27^JO 38*95-45-33 

13-18 18-81-23-93 

30-40 15-93-24-87 
1-4-2-6 

20-24 23-51-29-70 



50-95 36-80 



Shiokara 
from 
squid 

74-20 
7-82 

11-60 
2-83 
8-68 



68 

85* 

20 



Shiokara 

from skipjack 

entrails 

64-42 
23-93 

8-24 

1-07 
26-32 



69 
71* 



Analytical figures are extracted from the Fisheries Products Manual, edited by Subbt RAO, 1961. 

1 The figure* are taken from "Proximate chemical composition of various species of Philippine market fish", Philippine Journal of Fisheries, 
2, 109-122, 1953. 

Fran Standard Tables of Food Composition in Japan, 94, 1953. 
9 From "Studies on the enzymes of skipjack entiS?', BuU. Jap. Soc. Set. Fish., 18, 151-154, 1952. 
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TABUS xn 

/,, 1952) 



T*BLB XIU 



toffl* 



Nitrogen in grams per litre 



Liquid samples 

drawn from 

mixture offish Amino 

and salt i* vats Total-N OrganioN Formol-N NH r N acid-N 

Liquid recovered 



after 3 days 


7-7 


6*5 


_ _ 


1*2 





Liquid recovered 












after 1 month 


17-1 


14-5 


7-9 


2*6 


5-3 


Liquid recovered 












after 2 months 


19*0 


16-2 


12*1 


2-8 


9-3 


Liquid recovered 












after 5 months 


255 


22-8 


15-7 


2-7 


13-0 


Non Nuoc-mam 












(teachings) 


84 


4-3 


6-6 


4-1 


2-5 


First leachfaq 


5-0 


0-9 


4-5 


4-1 


04 


Second leaching 


4-5 


1-0 


3-7 


3-5 


0-2 



be made better available by making fish sauce than by 
other types of fermentation, provided there is no loss in 
nitrogen caused by bacterial breakdown. 

(ii) Amino acid composition. Nagasaki and Yamamoto 
(26) made quantitative determination of amino acids in 
fermented squid. They noticed the monoamino acid 
fraction was always higher than diamino acid fraction 
throughout the course of ripening. The ratio of mono- 
amino acid to diamino acid after 31 days of storage was 
4*8 : 1*0. Shimidu (34) mentioned in hit work on the 
fermented skipjack entrails that, of hot water soluble 
nitrogen, one third was monoamino acid fraction at the 
start of fermentation, and this increased to nearly two 
thirds after a month's standing. 

These findings may suggest that the product flavour is 
largely influenced by monoamino acid fraction. Nagasaki 
and Yamamoto identified IS varieties of amino acids in 
"Ika-shiokara" by paper chromatography. These amino 
acids were: aspartic acid, glutamic acid, glytine, alanine, 
leucine, proline, valine, histidine, ^-alanine, tyrosine, 
arginine, serine, cystine, omithine, and taurine. 

Information is scarce concerning quantitative distribu- 
tion of amino acids in fermented fish. In Table XIII, the 
results of determination of different amino acids in both 
Ngapi and Nuoc-mam are shown, with reference to the 
data for sardine flesh. Unfortunately, no description of 
quantitative change of individual amino acids during the 
fermentation process was available, but the essential 
amino acids were found in fairly good retention in both 
Nuoc-mam and Ngapi. 

Tryptophan was reported not present in Ngapi; but in 
Nuoc-mam, a potency from 0*17 to 0*86 g. per liter was 
described by Autret and Bouvier (2). 

Tyrosine content, as reported by Vialard-Goudou (45), 
lies between 1 *21 and 2*40 g. per liter of Nuoc-mam. It 
is larger in superior quality products. 

(Hi) OH, The amount of oil differs with the individual 
product, as seen in Table X. No doubt it depends upon 
the oil content of the raw material. But the oil in the fer- 



LNwxsmtm) 



(Fisheries Products Manual, 1961) 



Alanine. 
Argtnuie 
Asparticacid 



tutamicacid 
Olycine . 
Histidine 
Isoleucine 
Leucine . 
Lysine , 
Methionine 
Phenylalanine 
Proline . 
Serine . 
Threonine 
Tyroaine 





Nuoc-mam 




Ngapi 1 


(ordinary 
quality) 


Sardine* 


9-3 


4-2 


7-3 


5-8 


2-0 


6-9 


5-6 


2-4 


11*2 





0-25 





8-8 


40 


14-7 


8*5 


2-4 


5-6 


2-1 


0-3 


2-5 


3*8 


4*0 


6*0 


5-9 


4*0 


9-3 


8*4 


4-0 


11-0 


1-3 


0*8 


3-6 


2-3 


1-5 


4-7 


3-0 


0*5 


4-0 





0-8 


5-1 


2-7 


2-0 


5-6 


1-4 


0*8 


4.4 


__ 


0-5 


1-3 


4-3 


3*0 


7-4 



1 As grams of amino acid N per 100 grams of dialysable N. 

* As grams per liter, for superior quality sauce, the above figures 
should be multiplied by 1 -6-2-0. 

* As percentage in moisture- and ash-free protein. Taken from 
vKonosu et al. t "Amino acid composition of fish muscle protein*', 

Bull. Jap. Soc. ScL Fish., 21, 1163-1166, 1956. 



mented fish may have little importance from a nutritional 
viewpoint. The presence of salt will accelerate the 
oxidation of oil, and possibly the impurities of salt may 
play a greater part in oxidation and rancidity. These 
deterioration products of fish oil may adversely affect 
human nutrition. But sometimes, fermented fish is prized 
because of the oxidation of oil : for example in Pedah- 
Siam, prepared from mackerel (Rastrclliger sp.) in Thai- 
land and exported to Indonesia and Malaya. The brown 
colour of the best qualities is due to oxidation of body oil. 

In a particular operation in the manufacture of Nuoc- 
mam prepared from Ca-moi (Dorosoma nasus), lots of 
oil drifts on the product during maceration. Chemical 
properties of this oil were 2*50-20*05 of acid value; 131- 
161 of iodine value; 188-191 of saponification value; and 
2*20-2*93 per cent of unsaponifiable matter. 

Using a storage test of fermented ycllowtail entrails, 
Fukuda (9) found acid value of oil extracted from the 
product increased to 20-30 after a lag period of 10 days, 
whereas peroxide value of the oil indicated a peak 
at the end of a week of steady increase. It then went 
down. The amount of oxidized acid in the oil also rose 
with storage time, and showed a value of IS per cent in 
the oil after a month's storage. 

Fukuda suggested formation of oxidized acid could be 
suppressed by addition of an antioxidant such as BHA 
(Butyl hydroxy anisole). Addition of 0*01 per cent of 
BHA to the product enabled it to be kept in good 
condition more than 2 months. 

There remains the possibility of forming fatty acids by 
fish muscle's own lipase. Wood (49) tested the lipolytic 



Fish In Nutrition: Influence of Processing 



activity of enzyme preparation from ling cod muscle. He 
found both monoglycerides and triglycerides were 
hydrolysed readily; but tbe triglycerides containing long- 
chain fatty acids such as trioctanoin were not attacked. 

(iv) Salt Salt content is usually high in the fermented 
fish pastes and fish sauce. It amounts to about 20 per 
cent in the average product. The salt problem may result 
in two effects: direct and indirect. The first factor is an 
overdose through the heavily salted fermented fish, which 
adversely affects the human system. But, even in 
Vietnam, where a 40 g. daily intake of Nuoc-mam per 
person is reported as normal, it corresponds to 11 g. of 
salt, which is hardly recognized as an overdose. In 
addition, salt can be lost through perspiration in 
tropical climates, and people in the region may tolerate a 
rather high salt intake. 

The second factor may be that a high salt content 
inevitably prohibits a large intake of these products of 
animal protein source; so possibly it may cause a part of 
protein deficiency, which might be avoided if lightly- 
salted fish could be used. 



GROUP H: TRADITIONAL PRODUCTS, FER- 
MENTED BY COMBINED EFFECTS OF FISH 
ENZYMES AND MICROBIAL ENZYME, MICRO* 
BIAL ENZYME PREPARED AND ADDED AS A 
STARTER IN ADDITION TO SALT 

Nearly 20 varieties of fermented fish are in this group. 
The group includes pickled fish (Burma), Mam-chao 
(Cambodia), Makassar fish (Indonesia), Funasushi 
(Japan), Euro (Philippines), and Pla-ra (Thailand). These 
products are shown in Appendix II. 

The preparation process is characterized by the 
use of starters. These may be simply cooked rice, roasted 
rice, Koji (cooked rice on which Aspergillus oryzae is 
planted), Angkak (rice fermented by a red yeast-like 
organism "Monascus purpureus"), Ragi (a Javanese 
preparation made from yeast and rice), maize, rice bran, 
sugar, honey, pineapple, and spices, etc. 

Fermentation of this type is in two steps. The first is 
salting fish after beheading and evisceration, and some- 
times removing bones and tail. The second is mixing the 
starters. The variety of starters differs with production 
locale. 

By evisceration, the possibility of maceration by 
proteolytic fish enzyme may be reduced to some degree. 
However, the addition of mould preparations or carbo- 
hydrate sources may offer another type of fermentation, 
which is hardly seen in group (I) products. 

In countries like India, East Pakistan or Ceylon, 
tamarind (Garcinia camboges), an acidic legume, is 
commonly mixed into fermented fish products. 



"Mam-chao". The raw material of "Funasushi" is 
Crucian carp of about 400 g., caught in May just before 
spawning. 

After scaling and evisceration, retaining the roe, one 
part of the fish is placed in a barrel with one part of salt 
and kept for 2 months under pressure of stone. Then the 
heavily salted and flattened fish are taken out and soaked 
in water to remove salt The salt is almost completely 
removed, the fish is drained, then packed in a band with 
an equal amount of cooked rice, to which Koji has been 
mixed. The mixture is pressed again with stone. It 
starts gas formation the next day and begins about 10 
days of active fermentation. The product may be ready 
to use after 2 months 1 storage. The product has a pene- 
trating odour. 

Chemical changes during this process will be seen in 
Table XIV. 

TABLE XIV 

rhai^fff in thf ch*"* 1 **? ^^^f^pAf^t^ during pfupanttlffii pf FuniiffHftii 
(per cent in dry matter) 

(Matsushita, 1937) 

Salted fish Funasushi 

(after salting (finished 

Raw fish a month) product) 

Moisture. . 73-23 79-02 72-52 

Dry matter . 26-77 100-00 20-98 100-00 27-48 100-00 

Protein . . 48-46 34-36 38-69 
Gelatin-forming 

protein. . 27-35 19-69 25-18 

Soluble matter . 14-90 26-73 22-22 

Soluble protein. 2-75 1-74 2-22 

Carbohydrate 3.48 

Ether extractives 16-96 12-03 21-74 

Ash . . 6-53 10-01 7-62 
Total acid 

(as lactic) ._-,--_ 7-33 

Up to 20 per cent protein has been lost in salting, but 
5 per cent is regained, perhaps from the cooked rice. 
Loss of water soluble matter in the finished product is 
due to removal of salt by soaking salted fish. Reduction 
of ether extractives in salted fish is supported by partial 
removal of fat. The increase in that of finished "Tuna- 
sushi" may be attributable to lactic acid production. 

TABLE XV 



Matsushita (20) made biochemical studies MI the Japanese 
"Funasushi", a fermented fresh-water fish with cooked 
rice as a starter, which may be related to Cambodian 



of fiift l^niMrtttd fiinlrMl rig* 

after 80 iays' fermentation (per cent) 
(Matsushita, 1937) 

Moisture . 67-31 

Total solid 33-69 

Solubk solid 13-38 

Ash . 4-02 

Volatile acids 0-18 

Non-volatile adds 1-68 

Alcohol . 3*80 

Sugar . 2-46 

Dextrin . 3-77 

Starch . 7-95 

Total nitrogen 1*82 

Major parts of non-volatile adds confirmed was lactic add. 
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Analytical data of the fermented rice removed from 
"Funasushi" after storage of BO days are shown in Table 
XV. 

The flavour and odour specific to the product could be 
derived from these decomposition products. 

2. Major 



Bacteriological examination of "Funasushi" indicated 
that the predominant species carrying out fermentation 
was Lactobacillus plantarum, an active former of lactic 
acid. There were also isolated Lactobacillus pentoacetiau, 
Streptococcus faecium and three kinds of yeast. 

These lactic acid bacteria were found able to stand 
pH value as low as 2*8, but salt not more than 4*8 per 
cent Matsushita assumed that the amount of 2 per cent 
lactic acid in "Funasushi" caused softening of the fish 
bones and should make the product more palatable. 

No scientific work is available on the medicinal effect 
of "Funasushi". However, people accustomed to eating 
this peculiar food believe it is a good remedy for gastro- 
intestinal upset. Whether this is due to the metabolic 
products of the lactic acid bacteria, may be worthwhile 
investigating. 

3. Chemical composition of some Vietnamese fermented 

fish in Group (H) 

From Table XVI it is seen that Vietnamese fish pastes 
contain less moisture and protein than "Funasuslii''. 
Protein content on a moisture- and salt-free basis varies 
from 47 per cent to 61 per cent almost the same as for 
fermented fish of group (I). Rough estimation of loss 
in protein are 28 per cent for Glorias and 49 per cent for 
Ophicephalus. 






rice wife 



TABLE XVI 

domical composition of fermented fish p 
salt of Vietnam 

(Nguyen-Thi-Lau and G Richard, 1959). Prom Fisheries Products 
Manual, 1961. 





Mam 


Mam 


Mam 


Mam 


Mam 




Ca-loc 


Co-sat 


Ca-tre 


Ca-ro 


Ca-linh 


Moisture 
NaCl. 
Protein . 


% 45-55 
% 5*2 
% 22-57 


52*60 
6-15 
20-10 


50-35 
6-03 
26-25 


51-27 
6-07 
21-87 


58-22 
6-50 
21-87 


Carbohydrate 


& 20-31 


14-87 


7-14 


15-61 


1-30 


Fat . 


A 1-08 


0-93 


0-69 


2-02 


4-00 


Ash . 


% 10-75 


11*50 


15-57 


9-43 


14*61 


Protein (moisture- 












and salt-free 












basis) . 


47 


49 


60 


51 


61 


Protein (moisture- 












free basis) 


931 


__ 


83 l 





__ 


Loss in protein 












before and after 












for mentation 


49 


__ 


28 


. 





Raw material 


Ophi- 


Tricho- 


Clarias 


Anabas 


Dangila 




cephalus 


gastor 


fuscus 


testudi- 


sp. 




ttriatus 


tricho- 




neus 





4. Us 

Since the preparation of Aspergillus oryzae has been so 
extensively utilized, particularly in the industry of "Miso' ' 
(soybean paste) and "Syoyu" (soy sauce) manufacture in 
Japan, Tanikawa et al. (42) applied a proteolytic strain of 
Aspergillus oryzae to hasten the ripening of fish paste. 
They prepared an experimental pack, consisting of 75 
parts of chopped raw flesh of atka mackerel, 15 parts of 
salt and 10 puts of starter (a wheat bran inoculated with 
proteolytic Aspergillus oryzae), and kept the whole mixture 
for 45 days at 3Q-35C 

Experimental results showed water content increased 
to 73*0 per cent at the end of fermentation from an initial 
level of 61 -8 per cent. pH value reached 4-6 after 17 days 
from the initial value of 5*8 and increased again to 5*8 
at the end. The percentage content of non-protein 
nitrogen to total nitrogen was 69 per cent at the start of 
inoculation and 92-5 per cent at the end, while the 
proportion of amino acid content to non-protein nitrogen 
was 13*5 per cent at the beginning, increasing to 60*0 per 
cent at process termination. 

In the latter part of the fermentation, ammonia 
development was so remarkable that flavour was almost 
intolerable. The recommendation of the workers was 
beat processing at the middle of fermentation to control 
undesirable change. They chose the time when pH value 
of the mixture had reached as low as 4*6. 

On the other hand, acid value of the oil in the product 
rose from 16-5 to 22-4 after 40 days, whereas iodine value 
showed a decrease from 142 to 130 in the same storage 
period. 

When the proportion of starter to fish flesh was 
increased to 20 per cent, salt concentration required to 
minimize ammonia formation was found to be 15-18 per 
cent, though it retarded the rate of amino acid production. 

Takei et al. (41) tried a similar run of experiments, 
fermenting squid flesh by adding "Koji" (Aspergillus 
preparation of wheat bran and potato). He reported a 
mixture of "Koji" and meat in a ratio of 1 : 1 invariably 
gave the best paste. When the ratio was 1 : 2, fermenta- 



TABLBXVII 

the preparation ofAMfergiUtu oryzae teh 
(Higashi et al., 1951) 



pttrus 

1 Figures arc taken from 'Proximate chemical composition of 
various ipocies of Philippine market fish", Philippine Journal of 
109-122, 1953. 



Time of mould 










growth in days 





2 


5 


8 


Total weight of the 


mixture . 


g, 100 


83*0 


71-7 


66-2 


Moisture . 


g. 35*2 


29-3 


21*4 


19*9 


Total nitrogen 


g. 4-31 


4*32 


4-29 


4-05 


Starch 


g. 21-6 


8-8 


8-3 


6-3 


Crude fat . 


g. 4-82 


2-40 


1*02 


1*01 


Unsaponifiable 











matter . 


g. 0-197 


0-175 


__ 


0-200 


Unsaponifiable 










matter in crude 










ftt . 


% 4-1 


7-3 





19-8 



Each figure is expressed in terms of 1 00 g. of the starting material. 
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tion was retarded. With a 1 : 3 ratio no paste was 
obtained. 

Higathi et al> (12) examined chemical changes which 
took place in fermented paste prepared from fish meal 
with the aid of fungus preparation (Aspergillus oryzae). 
They found a remarkable decrease in oil, but no decrease 
was noticed in nitrogen. By a spectrophotometric 
technique, they observed a possible formation of ergo- 
sterol in the unsaponifiable fraction of oil which showed 
a marked increase by the fungal growth (Table XVII). 

They prepared the fish paste by the fungal action on 
fish meal, after boiling the fish meal with 1 per cent 
NH*OH and making it swollen, then adding a cooked 
mixture of rice, barley, and potato starch. They next 
planted the culture of Aspergillus oryzae and incubated 
the whole mixture for 3 to 5 days at 3(MOC. The 
finished product gave a smooth consistency, which was 
hard to obtain if it was not processed with hot ammonia 
solution. 

There are some other uses of mould preparations in 
commercially produced fermented fish. "Koji", a prepara- 
tion of Aspergillus oryzae, is often incorporated in the 
middle of fermentation of "Ika-shiokara". The purpose 
of mixing "Koji" is to neutralize the salty taste of the 
product by dextrose which generates from "Koji" by 
amylolytic activity of Aspergillus oryzae, and not further 
microbial development which may impart souring or 
other types of flavouring in "Ika-shiokara'*. 

Addition of Angkak to certain kinds of fermented fish 
may be interpreted as a simple food colouring. It is used 
for products such as Bagoong Alamang in the Philip- 
pines. Dried Angkak is added after pulverizing to give 
an even colour. 



5. Use of natural mould growth on 
smoke-dried 



"Katsnobnslii 



"Katsuobushi", a traditional processed fish in Japan, 
may be roughly grouped into smoked and dried products 
depending on the way of manufacturing. In the latter 
part of processing, fermentation by mould plays an 
important rdte. Skipjack is usually subjected to a month- 
long process of fungal growth after boiling, cleaning and 
repeated smoke-drying. 

There has been no decisive view on the significance of 
moulding in the process of making "Katsuobushi", 



though the industry has been working many years on this 
particular process, believing the process is compulsory to 
obtain good flavour. Some Japanese biochemists recently 
reported the changes in nitrogenous compounds, oil and 
moisture during the process of repeated mould growth. 

Many varieties of mould, including Torula, Penicillium, 
Cladosportum and Aspergillus may grow on the half-dried, 
boiled fish in mixed culture. Fungal growth normally 
takes place when the fish is stored in air-tight wooden 
cases. 

After a week's storage in the case, the fish is taken out, 
placed in the sun to dry, then put back into the case after 
brushing off surface moulds. This process will be repeated 
5-10 times before "Katsuobushi" is sold. Consequently, 
the variety of microflora will change from moisture- 
loving Penicillium or Torula to a certain kind of Asper- 
gillus highly resistant to desiccation, according to gradual 
decrease in water content of the product. 

(i) Effect of mould on the nitrogenous compounds. 
Probably the only significant loss in nitrogenous extrac- 
tives should occur when the fillet of raw fish is subjected 
to boiling for about an hour. It amounts to some 17 per 
cent. 

Konosu and Hashimoto (18) examined the changes in 
free amino acid before and after mould growth on 
"Katsuobushi 99 and observed that most of the free amino 
acids decreased in amount. . However, some amino acids 
such as threonine and serine retained the original level 
possessed in fish flesh. 

Aspartic acid was the only one which newly appeared 
after the moulding process. The amount was quite small. 

Kanazawa and Kakimoto (14) noticed an appreciable 
increase in both glycine and glutamic acid when they 
inoculated and sterilized fish with Aspergillus ruber and 
Aspergillus repens, and assayed after 40 days 9 culture at 
30C. Their findings differed from those presented by 
Konosu and Hashimoto. The difference was perhaps due 
to comminution of the fish flesh prior to inoculation, 
which probably permitted a large surface of flesh to be 
attacked by the moulds. 

Konosu and Hashimoto noticed an interesting fact: 
decrease in trimethylamine and trimethylamine oxide 
(TMAO), by moulding. TMAO particularly was 
completely lost by the process. 

(ii) Effect of mould on oil and moisture. Fungal growth 
causes characteristic changes in the oil of "Katsuobushi 99 , 



OH from 

Fresh meat . . . . . 
Boiled meat 
The meat alter first smoking 
The meat after eighth imoking . 
The meat after moulding for o months 


TABLE XVHI 


i^rfl** 




Saponification 
value 

199-7 
197-4 
204*4 
205*8 
185*1 


Ester 
value 

195*0 
191*3 
196*2 
196*3 
60*4 


(Suyama, 1949) 

Time Color of Refractive 
elapsed oil inaex-d* 

Oday Light yellow 1*4842 
Ydlow 1*4842 
1 Yellow 14852 
8 Reddith brown 1*4856 
(6 monthi) Reddish brown 1*4820 


Acid 
value 

4-67 
6-05 
8*20 
9-51 
124*7 


Iodine 
value 

194-5 
190-7 
185*1 
164*4 
182*7 
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to the dtarttwtion of jnototm at the 



1st layer (0-1 5mm.) 
2nd layer (1-5-3 -Omm.) 
3rd layer (3-0-4-5 mm.) 
4th layer (4-5-6-0 mm.) 
Lapse of time in days 



Fish after 

8th smoking 

before moulding 

12-34 
15*83 
19-08 
21-50 
O 1 



TABLE XDC 

depth of "KatMotariri" < 
(Suyama, 1950) 



After 1st 

moulding 

12-44 

16-09 

18-79 

21-08 

12 



After 2nd 

moulding 

14-04 

17-54 

19-23 

20-80 

28 



After 3rd 
moulding 

14-04 
17-06 
18-69 
20-02 
42 



After 4th 
moulding 

15-25 
17-37 
19-13 
20-57 

57 



After 5th 
moulding 

15-05 
16-53 
18-24 
19-65 

75 



1 A month has passed after boiling and smoking started. 



since oil normally locates right beneath the skin and can 
be ready for biochemical action of the moulds. 

Suyama (38) tested chemical changes in oil of "Katsuo- 
bushi" prepared from the belly side of the fish during the 
course of boiling, smoking and moulding. From Table 
XVIII, it is obvious that the smoking process prevents 
the boiled skipjack from oxidation of oil, as indicated by 
decrease in iodine value from the fish immediately after 
boiling, compared to that smoked 8 times repeatedly. 

A tremendous increase in acid value from 9-5 to 12S 
after the moulding process is indicative that lipolytic 
reaction takes place by lipase from the mould. This 
could be supported by the increase in iodine value. 
Decrease in both saponification value and ester value also 
suggests the lipolytic breakdown offish oil during fungal 
growth. 

It is noteworthy that the oil extracted from the moulded 
fish can always be free from fishy odour. This may be Jtfae 
reason why "Katsuobushi" is used as a soup base with- 
out objection. 

Suyama (39) conducted a more detailed examination 
into how deep the mould can affect chemical changes from 
the surface of the strip of fish. And he found that the 
increase in acid value of oil was observed even at a depth 
of 4-5-6-0 mm. from the surface of the product, and 
concluded the lipolytic activity of the mould was able to 
penetrate to this depth. Suyama also pointed out a 
possibility for the migration of moisture from inside to 
outer surface of the product by the aid of fungal growth 
(Table XIX). 

His belief came from a control test of drying skipjack 
in a desiccator without inoculating mould. He found 
many cracks occurred on the control fish subjected to 
artificial drying, while no such damage was observed in 
the inoculated sample even when the moisture content 
was the same as in the control. 



GROUP IH: NON-TRADITIONAL PRODUCTS 
MANUFACTURED BY ACCELERATION OF FER- 
MENTATION, ACID ENSILAGE AND CHEMICAL 
HYDROLYSIS 

A. AccderatkmofFenne^tion 

The industry feels the need to expedite fermentation of 
such products as fish paste and fish sauce. Generally 



they require 6 months to a year of maceration or hydro- 
lysation. If possible, the storage period of 6 months for 
Bagoong, for example, should be shortened to a month. 

1. Effect of temperature raise 

The idea of raising the conserving temperature of fer- 
mented fish may be feasible. The practice of placing the 
container with the product directly in the sun, partly 
adopted by the South-east Asian industry, may be based 
on experience of rather quick maceration in a naturally 
heated container. 

Shnftidu and Utida (36) tested the effect of various 
temperatures on the formation of amino acids by auto- 
digestion of pyloric caeca of skipjack within a pH range 
of 5*00 and 7*00, with half salt-saturation. After a week 
of storage, a maximum yield of amino acid was obtained 
at 55C, regardless of pH conditions given in the experi- 
ment. However, after 3 weeks' storage, the yield was 
always higher in a batch kept at 37C, at any pH value 
provided. Freeman and Hoogland (6) reported that 
autolysis of viscera from cod and haddock progressed 
rapidly at 37C as well. Hamm and Clague (11) suggested 
temperatures of 45C for periods of 1-2 weeks as a 
practical means of speeding up Bagoong (fish paste) 
manufacture. But exposure to temperature higher than 
45C was not recommended (Table XX). 



TABLE XX 



Protein content of liquid portion of 



hermetically sealed containers 

(Hamm and Clague, 1950) 



Bagoonf, stored in 



Storage temperature 

Room temperature 
37*C. . 

45C. 



Protein content after storage period 0, 
7 days 14 days 28 days 

o/ o/ o/ 

4TS S& 6-40 

5-11 6-36 7-72 

6-97 8*01 8-93 



Retardation in autolytic process can be caused by 
increase of added salt, but certain concentrations of salt 
may provide a protective effect against heat inactivation 
of enzyme. For example, ptyalin could be more heat 
resistant at a NaCl concentration from 0*5 to 0*7 per cent. 

Takahashi (40) proved the protective effect of salt on 
the heat inactivation of enzyme prepared from pyloric 
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caeca of yellowtail. He found that the enzyme was 
inactivated at a NaCl concentration lower than 1 per 
cent kept at 50C. With increase of salt concentration, 
enzymatic activity appeared to increase to a maximum 
at 2 per cent and kept a similar activity up to 15 per 
cent; then decreased when salt amount became higher 
than IS per cent. 

From these findings, methods of raising temperature 
for accelerating fermentation in traditional products of 
group (I) will be restricted to a temperature range of 
37-45G A quick digestion method without salt was 
proposed to prepare a fish autolysatc under sterile 
conditions by adding 2-3 per cent nitrochloroform. The 
auto-digestion was over within a few days, and the auto- 
lysatc contained 1*5 times as much autolysed product 
as conventional Nuoc-mam. This product, however, 
has not been well received by the people. They preferred 
the penetrating specific odour of conventional Nuoc- 
mam. 

Shimidu and Utida also examined the effect of pH on 
amino acid formation by pyloric caeca, stomach and liver 
of skipjack. A pH range from 3*02 to 8-00 was tested. 
They found amino acid was abundantly formed near a pH 
value of 7*00 by these three enzyme sources. Pyloric 
caeca showed wider optimum pH range than the others. 

2. Use of enzyme preparation 

There have been suggestions for use of papaya or pine- 
apple juice as possible hastening agents in tropical 
countries. They have not been taken up by the industry 
yet. However, Ngo-Ba-Thanh (28) mentioned good 
results, particularly when pineapple was used as proteo- 
lytic enzyme. It may be due to the fact that enzyme 
potency of these fruits is not reliable, but varies with 
their maturity to a great extent. In addition, it may 
become a problem of economics if the enzyme should be 
refined into concentrated form to enrich potency. Now, 
new enzyme preparations are becoming commercially 
available, and some of these are being applied to the 
fish soluble industry in Japan. These preparations are 
chiefly made from proteolytic strains of Bacillus subtilis, 
and about 0*4 per cent of the powdered enzyme prepara- 
tion to the amount of fish may be required to complete 
liquefaction of fish in 3-5 hours at 50C. 

Meinke (21) suggested the use of enzyme preparation 
for visceration and scaling of trash fish caught while 
shrimp fishing along the Texas Gulf Coast. He noted 
that proteolytic enzymes of bacterial origin with a high 
temperature optimum are most desirable. 

One of the enzyme preparations now being manufac- 
tured in Japan possesses optimum temperature in a range 
of 45-50C and has two different optimum pH values. 
The first is 7*0 and the second is 10*5, when casein is used 
as a substrate. 

But Freeman and Hoogland (7) noticed that the addi- 
tion of enzyme preparation to viscera offered no advan- 
tages, since natural enzymes in the haddock and cod 



viscera which they used contained enough potency to 
digest their own tissues. 

Unfortunately, no information has been available 
concerning application of enzyme preparations for fer- 
mented fish products in human use, leaving the possi- 
bility for future investigation. The main problem to be 
taken into consideration may be the sort of bitter taste 
perceived in autolysatc of fish treated by this means. 
Certain deterioration products from fish protein might be 
causing the unpleasant flavour. 



B. Add Ensilage and Chemical Hydrolysis 
1. Add ensilage 

For the purpose of animal feeding, trials were made in 
Denmark. Olesson and Olofsson (30) obtained fish 
ensilage with good keeping quality by the use of 1 *S liters 
of formic acid, or by the use of 20 kg. of molasses per 
100 kg. of finished ensilage. However, a chick feeding 
test gave slightly better growth when chicks were fed with 
fish meal than was obtained with fish ensilage. 

Freeman and Hoogland (6) described a formula to 
prepare acid ensilage from cod and haddock offal. A 
5-lb. portion of concentrated sulfuric acid is required to 
treat 100 pounds of offal to which 4-5 gallons of water 
were added. 

Complete digestion requires 2-3 weeks for the mixture 
at room temperature. Composition of finished product 
may contain 24-4 per cent dry matter and 14*5 per cent 
protein with an average pH value of 2*05. And 2*5 Ib. 
of powdered lime stone or chalk is required to neutralize 
100 Ib. of the ensilage. Retention of B vitamins in the 
ensilage reported were: 4 ppm. thiamine, 1 ppm. ribo 
flavin, 20 ppm. niacin, 2 ppm. pantothenate and 0*015 
ppm. B ia . 



2. Add hydrolysis 

Chemical hydrolysis of fish by means of strong acids or 
alkalis may not be in the realm of this article. However, 
it might be adopted, if the hydrolysis could be properly 
combined with the natural fermentation process as is 
presently being done in the soy sauce industry. The 
unavoidable problem in hydrolysis offish is the repulsive 
odour specific to the hydrolysate. The soy sauce industry 
is now mixing with the autolysate naturally processed 
"Koji" (Aspergillus preparation), since it ensures masking 
of disagreeable odour. 

When HC1 is used for hydrolysis, 15-20 per cent may 
be recommended as a final concentration. More than 20 
per cent HC1 will be useless because this level is a maxi- 
mum concentration when heat processing is conducted 
and excess HC1 will be lost by evaporation. According to 
Kaneda and Saito (15), about 4 hours of digestion will 
be enough and maximum proportion of amino acid 
nitrogen to total nitrogen will be in a range of 60-65 per 
cent tn the hydrolysate. 
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3. Alkali hydrolysis 

Because acid hydrolysis might destroy some of the amino 
acid, Mohanty and Roy (22) tried to hydrolyse fat-free 
protein prepared from shark and ray flesh, with 10-12 
per cent NaOH at 80C. This hydrolysate was neutralized 
with 85 per cent acetic add and was then spray-dried. 
Thus, a 10 per cent yield of a cream-coloured powder 
containing 85 per cent protein was obtained. 

Approximate percentage composition of amino acids 
in the new product is indicated in Table XXI. 



TABLE XXI 



Approximate 



of amino adds of the protein 
front waste An 

(Mohanty and Roy, 1955) 



Egg 


Protein from 


albumin 


waste fish flesh 


Cystine . 1-9 


0-49 


Lysinc . 








5-0 


1 


Histidine 








1-7 


2-5 


Argininc 


t 






5-9 


2-5 


Scnnc, glycin 
Threonine, gl 


e, aspartic; 
utamic acid 


icid 




18-7 
21-5 


7-3 
12-9 


Alanine 


m 






7-2 


1-5 


Tyrosine 


t 






11-9 


8-0 


Lcucine, isoleucine 17-1 


5-3 



4. Condensation of fish sauce 

Attempts have been made to evaporate Nuoc-mam in 
vacua at 50C. The product is reduced to a fifth of its 
original volume. By mechanical condensation, there is 
slight loss of amino nitrogen, and a decrease in NH 8 
nitrogen. Table XXII indicates the changes in the 
composition of vacuum-dried Nuoc-mam. 



Chemical composition 



TABLE XXII 

t animal * ItlnMM BlrlM.ll JA*. * 4.- 

i powQerM iNuoc-inam wiin reference to 
liquid Nuoc-mam 

(Ngo-Ba-Thanh, 1953) 
Liquid Nuoc-mam % Powdered Nuoc-mam % 



Water. . . 64-46 


3-79 


Ash (excludes NaCl) 0-25 


0-43 


NaCl . . 22-75 


43-25 


Organic matter 


12-54 


52-53 


Total nitrogen 


1-61 


4-36 


Non-protcin-N 


1-55 


4-24 


Amino-N . 


1*03 


2-50 


Volatile base-N 


0-249 


0-266 


Ammonia-N 


0-241 


0-249 


Volatile amine-N 


0-008 


0-017 


Acid (as acetic) 


0-058 


0-235 


pH . 5-65 


5 



MINOR COMPONENTS OF NUTRITIONAL 

IMPORTANCE 
1. Vitamins 

Salting and fermenting are inevitably accompanied by 
oxidation, and vitamin A is quite apt to decay. Pyloric 
caeca or kidney of pelagic fish normally contains about 



10,000 LU./100 g. of vitamin A, but the content of this 
vitamin in the fermented paste of skipjack entrails was 
only 130-650 I.U./100 g. The fresh pyloric caeca of 
skipjack should have 30,000 I.U./100 g. of vitamin A. 

As to the carotin content, fermented entrails of abalone 
showed 1,800 /<g./100 g.; fermented sea urchin contained 
2,500 #g./100 g., and crab roe 1,400 //g./100 g. 

The vitamins of the B group are, in general, easier to 
conserve than those of the A group. In the varieties of 
fermented products prepared from entrails, B vitamins 
can maintain their original potency after a certain period 
of fermentation. Normal potency of B a in the flesh 
portion of fish varies from 0*5 to 2*0 /ug./g., and these 
values can be almost perfectly restored during the 
process. 

Pantothenic acid can also retain its potency in the 
fermentation process. The amount of 39*4 /*g./g. of 
pantothenic acid was reported in fermented crab roe. 

Vitamin B lt is fairly resistant against loss due to 
fermentation. Between 2-5-20 ftg./100 ml. of B lt 
in Nuoc-mam has been reported. In addition, vitamin 
B lt seems to increase in fish by bacterial decomposition. 
Mori et al (23) stored samples of fresh carp, eel, goby, 
mackerel, horse mackerel, trout, clams and crab, and 
noticed the interesting fact that B lt apparently increased 
during spoilage in fish stored in minced form at 32C. A 
decrease of B ia was observed in the same species when 
these were kept in the round (Table XXIII). 



TABLE XXIII 

Changes in the vitamin B xi content of marine animals duri 
at room temperature 0*./100 g. (wet basis)) 



(Mori et /., 1954) 



Storage in days 



Species 


Treatment 





1 


2 


3 


4 


5 


Mackerel flesh . 


round 
' minced 


1-9 


1-0 
1-8 





0*8 
0-8 





0-8 
1-0 


Mackerel liver . 


round 
' minced 


40-0 


34-0 
40-0 





+ 
36-0 





36X) 


Baby clam. 


. minced 


1-5 


1-8 


3-5 


_ 


5-5 





Swimming crab meat 


. minced 


1-8 


1-8 


1-5 


1-5 





1-6 


Swimming crab liver 


. minced 


3-0 


2-8 


2-8 


2-8 





2-8 



These findings may suggest a possibility of good reten- 
tion of B ia in the fermentation where bacterial growth 
might take place to some degree. 

Vitamin Bj content in Ngapi ranges from 110 to 
137 //g./100 g., but there is almost none in Nuoc-mam. 
Since Nuoc-mam has to be exposed to the sun for 3-10 
months, destruction of BJ or B t may occur, particularly 
in fish placed on top of stock, according to the report 
of Ngo-Ba-Thanh (28). The possibility of destruction of 
B! vitamin by thiaminasc in the fish entrails has not been 
confirmed. 

2. Minerals 

Certain crustacean products, such as fermented crab or 
shrimp, and products from abalone and skipjack entrails, 
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may be accepted as a source of calcium. Calcium content 
of fermented plankton shrimp is 512 mg. per cent; 190 
mg. per cent for fermented skipjack entrails. Bagoong 
Alamang, Kapi, and Ngapi, aU prepared from small 
shrimp, could be a good calcium source. Average 
calcium content of Ngapi is 1 per cent in the product as 
CaO and the Ca/P ratio is 1 : 5. 

Guillenn (10) reported the presence of 687 mg./l. 
P t O 9 (300 mg./l. P) in good quality Nuoc-mam. Of the 
300 mg./l. P, 275 mg. are in inorganic form. The content 
of P varies largely with the quality of Nuoc-mam, 
e.g. 45 mg./l., which has no P in organic form. 

Autret and Bouvier (2) gave the following figures for 
Nuoc-mam: P S O, 0*266 g.-0*566 g./l.; CaO 0*439 g.- 
0*541 g./l.; MgO 2*208 g.-2*310 g./l. 

Organic sulfur content of Nuoc-mam varies from 0*54 
g. to 1*165 g./l. The proportion of organic nitrogen to 
organic sulfur is greater in superior quality Nuoc-mam. 
Average N/S ratio of 10 : 9 was reported for Nuoc-mam 
containing 10 g./l. of organic nitrogen. 

Products with organic nitrogen from 10 g. to 20 g./l. 
showed N/S ratio of 13 : 5 almost the same as the 
13 : 8 N/S ratio in raw fish flesh. 

Iron content varies with product, but fermented food 
prepared from entrails gives a rather high value. Fer- 
mented entrails of abalone showed 28 mg. per cent of Fe ; 
10 mg. per cent for fermented salmon kidney and 13 mg. 
per cent for the product prepared from entrails of smelt 
(Plecoglosus altivelis). 

ADVERSE EFFECTS OF FERMENTED FISH 

According to the review by van Veen (44), it has been 
reported from Indonesia that certain kinds of salted fish 
(bonito species) become poisonous through the formation 
of considerable amounts of histamine by the action of 
certain bacteria. Fish poisonings by ingestion of dried 
products of sardine and saury, canned mackerel and raw 
big-eyed tuna were also reported in Japan. 

However, food poisoning from fermented fish, such 
as fish paste or fish sauce, is rarely heard of. There 
is a record of 700 /ig./ml. of histamine detected in a fish 
sauce kept for 10 years. 

Vialard-Goudou's work (45) shows that the amount of 
indol or related compounds varies from to 400 0g.l. in 



Nuoc-mam, and j3-indol acetic acid may be sometimes 
present. 

The wholesomeness of decomposed fish needs more 
investigation since, in many cases, half-spoiled fish is 
customarily used in preparing the fermented product, 
Kaneda et al. conducted animal feeding tests for the 
hydrolysates prepared from Alaska pollack of three 
different grades of freshness. The chemical composition 
of each hydrolysate is shown in Table XXIV. 

Three groups of rats averaging 80 g. in weight were 
given 10 g. basal diet plus 3 ml. of the hydrolysate daily. 
They were reweighed in a month. The average group 
weight increase was 35*5 g. on a fresh fish diet, 38*5 g. 
for rather spoiled fish, and 37*0 g. for drastically spoiled 
fish. This was despite the hydrolysate of the last group, 
whose total nitrogen was nearly 50 per cent ammonia 
nitrogen. These results indicate little possibility of ill- 
effects from the hydrolysate manufactured from spoiled 
fish. 

Serious poisonings due to Botulinum type E have been 
reported in the northern part of Japan since 1951. These 
were from home-made fermented fish mixed with cooked 
rice and fresh vegetables. The way of preparation is 
almost the same as that practised in other countries of 
South-east Asia, but a small quantity of salt is used and 
the procedure of packing the mixture in a closed con- 
tainer may permit the anaerobic condition necessary for 
the growth of Clostridium botulinum type . 

The paucity of information about food poisoning from 
fermented fish products may be partly due to inadequate 
organization for collecting reports of cases in far-eastern 
countries. Therefore, this is not the time to say these 
products are safe, even though they have been considered 
free from contamination until now. 

THE QUALITY CONTROL PROBLEM 

When fermented fish are considered an important animal 
protein source in South-east Asia, establishment of 
certain quality controls will become necessary to ensure 
nutritive value of products before consumption. Fish 
pastes and sauces particularly need standards, since the 
true quality of these products can hardly be detected with 
a layman's eye, owing to the liquid or completely 
macerated form of the products. 



TABLE XXIV 






in the h 



the flsfa (ataska pollack) of ttree 



grate of qoality 



Hydrolysate from 

Fresh fish . 

Fish stood for 3 days . 

Fish stood for 10 days . 



(Kaneda et al., 1950) 

Total Ammonia NN f N 

nitrogtn ntirotttn T.N. 

g. 1 100 ml. mg. 1 100 ml. % 

1*280 146 11*4 

1*896 263 13*9 

1*306 637 48*3 



Volatile 

Nad acid ml. 

g./100ml. ofO-lN-NaOH 

30*1 9*9 

32*4 51*1 

28*0 250*9 



The composition of basal diet was; 77 parts powdered brown rice, 15 parts fish meal, 2 parts McCoUum salt, 1 part CaCO ( , 5 parts dried 
yeast, and 1 drop of tuna liver oil. This diet contained 7*86 per cent of crude protein. 
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At present the Vietnamese fish sauce, Nuoc-mam, may 
be the only product subjected to government standard 
quality control. Inspectors use total nitrogen, formol 
nitrogen and salt content as the main subjects of examina- 
tion. Minimum requirements for total nitrogen of the 
fish sauce in Vietnam are 20 g./l., 16 g./l., and 12 g./l. for 
pure Nuoc-mam, second and third grades respectively. 
Of the total nitrogen, fonnol-titrable-nitrogen should 
contain at least 50 per cent, and ammonia nitrogen should 
be less than 50 per cent of formol nitrogen. 

The need of standards for lower-classed products is 
important, because it is quite a common practice to 
leach the fish residue, after the first pickle has been 
drawn off, in order to increase the yield of Nuoc-mam 
by a second-quality product. 

With some fermented fish pastes, there exists the 
practice of adulteration by mixing in starch, rice bran or 
bean peels. Artificial colouring with dyestuffs, possibly 
carcinogenic or toxic, can be seen in the manufacture of 
the fermented shrimp, such as Trassi in Indonesia or 
Bagoong in the Philippines. Proper instruction and 
control would be required for these cheap manufactures. 

Mostly, these traditional products give a peculiar 
flavour which may be repulsive for those outside South- 
east Asia or South Africa. However, within the region, 
this flavour is the most important factor in market 
value. 

Therefore, many difficulties will be encountered if 
quality control starts simply with hygienic control or with 
the nutritionist's criticism against the consumer's prefer- 
ence. 

Nuoc-mam, for a typical example, is preferred only 
because it contains a specific Nuoc-mam flavour which 
could never be attained by an aseptically-maintained 
autolytic process. An improved method of preparing a 
new Nuoc-mam by auto-digestion under germ-free 
conditions was therefore totally unsuccessful. 

Another peculiar flavour for which Pedah-Siam is 
liked was described by van Veen (44), who said the 
presence of methylketone was essential to evaluate the 
marketable quality. He reports an interesting correlation 
between methylketone content and the price of Pedah- 
Siam. 

"Kusaya" is a dried horse mackerel, prepared after 
splitting and dipping in saturated brine which has been 
used for many years without renewal except for an 
occasional addition of salt and shark's head. It is another 
product with an offensive odour. However, quite a 
number of consumers still prefer this peculiar dried fish 
in Japan. 

So these decomposition products, including methyl- 
ketone, volatile acids, volatile basic nitrogen or indol, can 
hardly be taken as criteria for quality control, although 
these are undoubtedly developed by spoilage during 
fermentation. 

The decision to fix the standard of nitrogen compounds 
in a product like Nuoc-mam may be reasonable as a 
practical quality control method. However, it is said that 



quality control of Nuoomam is not actually worked out 
in Vietnam. 

FUTURE PROBLEMS 

In spite of the low consumption rate of fish in South-east 
Asia or Africa, there still occur seasonal surpluses due to 
lack of facilities for treating unusually large catches. In 
this respect, the rdle of fermented fish should be to provide 
protein through this form of processing, since fermented 
fish is more highly valued than many other available 
protein foods. 

High salt content may remain an obstacle in encourag- 
ing people to eat more products of this type. Refrigeration 
is one of the solutions for lowering salt content in 
fermented fish. In Japan, where the fish processing 
industry is rather developed, Shiokara or some other 
fermented fish are usually put in cold storage with 
average temperature of 5C. In this way the industry 
can prepare more tasteful products by reducing the 
salt content. But handling of these lightly-salted fish 
will offer another difficulty for retailers, namely quick 
spoilage, if they are not handled at low temperatures 
during distribution. 

Muoh improvement is possible in preventing loss of 
nutritive constituents from fermented fish products. For 
individual products, the optimum fermentation period 
should be carefully established in each country. Most of 
these parts of the processing have not received adequate 
technological research. Unreasonable handling of raw 
fish, ignorance in use of salt and sub-materials, and laxity 
in sanitation are points which could be changed immedi- 
ately, without any need of new research work. 

The application of certain mould preparations or 
refined enzyme preparations may not be introduced 
immediately. However, it seems worthwhile investigat- 
ing the possibility of not only replacing slow maceration 
with more active fermenting agents, but also adding 
flavour to suit all tastes, thus assuring increased con- 
sumption. 

For the major items of fermented fish in the region, it 
is advisable to fix workable quality standards by which 
the improvement in the quality, and possibly in the 
nutritive value, can be reasonably expected. 

SUMMARY 

(1) The various kinds of existing traditional fermented 
fish products in South-east Asia have been grouped into 
two categories: the first, products principally macerated 
by action offish enzyme; the second, those fermented 
by the combined effect of fish enzyme and microbial 
preparations as starters. In addition, the possibility of 
chemical maceration and the introduction of enriched 
enzyme preparations into the processing of fermented 
fish were discussed as a third group. 

(2) It was almost certain that product quality in group 
(I) depended entirely on enzymatic activities derived from 
raw fish. However, these natural enzymes are generally 
slow in disintegrating fish protein, except those of the 
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digestive system and particularly that of the pyloric 
caeca. For this reason, the use of entrails became signifi- 
cant in product manufacture. There seemed to be some 
kinds of fish more suitable for fermented products, due 
to their comparatively high potency of enzyme action. 

(3) Addition of salt provided preservative action 
against bacterial decomposition in processing; a salt 
content of more than 20 per cent of the product is unusual 
in commercial fermented fish of this group. However, 
minimum concentration of salt to keep down ammonia 
formation should be 20 per cent of product weight. Salt 
free from impurities is always recommendable for 
quicker maceration. 

(4) The presence of a certain variety of bacteria may 
be indispensable, since it may give the specific flavour of 
some particular product. But most salt-tolerant micro- 
organisms surviving in fermented fish will produce 
ammonia rather than ammo acids. 

(5) There is scanty information about group (II) 
products. The major agent seems to be lactic acid fer- 
mentation which develops in the mixed cereals. But the 
significance of fish enzyme cannot be ignored. The 
amount of lactic acid formed in one product of this type 
was as high as 7 per cent on a moisture-free basis. 

(6) Incorporation of the mould preparation (Asper- 
gillus oryzae) will be promising in fish paste preparation, 
because it may complete fermentation in less time. The 
importance of fungal action in a commercial preparation 
of Katsuobushi was noted. 

(7) During fermentation in both groups (I) and (II), 
approximate nitrogen loss may average 30 per cent; but 
nitrogen loss could be smaller in fish sauce, because there 
is little drainage. Although sufficient information cannot 
be obtained, the retention of amino acids was found fairly 
good in fish sauce and fish paste. 

(8) Oil in the fermented fish is of little nutritional value 
since rancidity development greatly reduces the value 
in long-term maceration. 

(9) B vitamins can be regarded as having minor nutri- 
tional significance. 

(10) For the acceleration of fermentation, proposals 
such as the raising of temperature, the use of enriched 
enzyme, and combination with chemical hydrolysis, may 
need further research before being applied. 

(11) No serious case of fermented fish poisoning has 
been reported, except for sporadic outbreaks of botulism 
type E from eating Izushi, a home-made Japanese fer- 
mented fish of the group (II). 

(12) Need for the establishment of quality control was 
emphasized from the technological point of view, so that 
the nutritional value of each product can be reasonably 
assured. 
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(Abstracted from Fisheries Products Manual) 



Country 
Burma 



Name of 

product 

Nga-bok-chauk 

Ngapi 



Ngapi (pounded) 



Raw fish mqforly 
used 



Amount of salt 
added 



TbrtsMa(Polynemus indicus) Not specified, cured after 
Sea Perch (Lates calcartfer) fish allowed to spoil 
JSarbus stedmanensis, Barbus 4 fish : 1 salt 

sarana caudimarginata 9 

Cirrhina latia, Notopterus 

notopterus, Cyprinus carpio 
Anchovy (Engraulis commer- Not specified 

sonii} 
Planktonic shrimp 



Period of 
fermentation 



2 days in brine 



Preparation of 
raw fish 

Head, tall and belly 

are separated 
Whole 



Several weeks after 
salting, pounding and 
drying for 8 days 



Aimamand 


Mam-tom 


Spirontocaris gibberosa M. 12:1 after 24 hours salt- 


2 weeks 


Whole 


Cochin-China 




Edw., Alhaeus macro- ing, the shrimps are 










chirus Ricbters, Penaeus pressed, and half-dried, 










semisulcatus de Haan then made to a paste, 










returned to the jar 






Cambodia 


Mam-ruoc 


Fresh-water shrimps Not specified 


Not specified 


Whole 




Pra-hoc 


Ophicephalus micropeltesC.V. 10 : 1 salting, pounding 
Ophicephalus striatus BL and drying are involved 
Labeo chrysophekadoin Bl. in the whole process 


1 month, Pra-hoo-youn 
is a similar product 
with toss salt than 


Beheaded and 
eviscerated 








ordinary Pra-hoc 




India and 


Hidal knunda 


Small fish, not specified Fish is placed in a hole 


1 month 


Whole 


Pakistan 




dug in the ground 








Baleechong 


Prawns 3 : 1 




Whole 




Shidal Sutki 






Not specified 










Whole? 


Indonesia 


Bladchan 






Whole 


(North Borneo) 












Trassi 


Planktonic shrimp Drying, pounding and 


Not specified 


Whole 






(Mvstdacea) salting 






Indonesia 


Trassi-ikan 


Small fish, not specified 




Whole 


Japan 


Shiokara 


Squid 8 1 


2 weeks 








Planktonic shrimps 4 1 


1 month 








Small crabs 4 1 


1-2 months 








Sea urchin 10 1 


2 weeks 








Skipjack entrails 4 1 


3-4 weeks 








Sea cucumber entrails 8 1 


2-3 weeks 






Kusaya 


Horse mackerel Saturated brine has been 


Few hours dipping, 


Split 






kept for repeated use 


then dry 




Malaya 
Philippines 


Belachan 
Bagoong 


Acetes shrimp, Mysid shrimp 100 : 4-5 
Anchovy (Stolephorus sp.) 3 : 1 


1 month 
3 months to 1 year 


Whole 
Whole 






Tamban (Sardinella sp.) 










Galonggong (Decapterus sp.) 
Small shrimp (Atya sp.) 










Goby fry, (Ostrea sp.) other 








Tinabal 


Fish, not specified 4:1,3:1 


6-15 months 


Whole 




Balbakwa 


Fish, 6-10 in. 5:1 


6-8 months 


Whole 




Bagoong tuligan 


Fish, head and viscera Less salt than ordinary 




Whole 






removed Bagoong 








Dinailan 


Small shrimp, dried and 




Whole 






pounded 








Guinamos alamang 


Shrimp 




Whole 




Lamayo 


Shrimp 




Whole 


Thailand 


Pla-ra-sod 


Fish, beheaded, pounded to 2 : 1 


3 months 


Beheaded and 






remove scales, viscera and 




eviscerated 






fat 








Kapi 


Planktonic and semi- 3-5 : 1 


15 days up to 1 year 


Whole 






planktonic crustaceans: 










Acetes so., Myses sp., 










Copcpoda, Lacker, Stole- 










phorus spp., Rastrelliger 








Pla-ra-lao 


Small whole fish Strongly salted 




Whole 




Pedah Siam 


Rastrelliger neglect us 3 : 1 




Eviscerated 






Viscera, gill are removed 










Decapterus, Caranx 






Africa 


Fessik 


Grey mullet, Atestes, tiger Heavily salted 


Several months 


Whole 






fish. 






Burma 


Fish sauce from 


Not specified 


Not specified 






Ngapi 








Cambodia 


Nuoc-mam-gau-ca 


Fish liver from Claria* sp,, 10 : 1 
Ophicephalus micropeltes 


8 days. Boil and filter 
after fermentation 


Uver 
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APPENDIX I continued 



Country 
Annam 



Gulf of Siam 
Indonesia 
(Kalimantan) 



Japan 
Korea 
Philippines 



Thailand and 

Tonkin 
Thailand 



Hong Kong 



Name 0, 
product 

Nuoc-mam 



Nuoc-mam ruoc 
Fish sauce 



Uwo-Shoyu 
Fermented shrimp 
Patis 



Ca-mam 
Nam-pla 

Fish sauce 



Raw fish majorfy 



Amount of salt 
added 



Stolephoruswp., Clupeoides 
Me Blkr., Enfraulis 
my Max, Dorosoma nasu 
(Bloch), Decapterus spp. 

Shrimps 

Clupea, Stolephorus, Lciog- 
nathus (Brackish-water 
species) 

Osteochilus, Puntius, Ctenops 
(Fresh-water species) 

Sardine 

Not specified 

Stolephorus commersonii, 
Stolphorus tndicus, 
Clupeoides Hie, Sardinella 
perforata, Sardinella 
fimbrlata, Sardinella 
longiceps, Decapterus 
macrosoma, Leignathus 

Fresh-water species 



3:2 



Not specified 
Not specified 



3:1 

Not specified 

3 : 1, 4 : 1 



Stolephorus sw.*Rastreltiger 5 
spp., Cirrhinus spp. 
Heads, gills, and viscera of 
Rastrelliger are also used 

Sphyraenajelio 9 Carangidae 3 
spp., Sardinella aurita t 
Teuthis albopunctatus, 
Engraulis purava 



2 : 1, some alcohol and 
betel leaves are added 
: 1-1 : 1 



Period of Preparation of 

fermentation raw fish 

3 months to 1 year Whole 



Not specified Whole 

6 months to 1 year Whole 



6 months Whole 

6 months Whole 

5 months to 1 year Whole 



2 months 
5-17 months 

3-7 months 



Gutted 
Whole 

Whole 



Vtrictkf 



Name of 
Country product 

Cambodia Paak (mam-chao) 



Indonesia Pekasam 

(North Borneo) 
Japan Shiokara 

Funa-sushi 



Philippines 



Thailand 



Izushi 

Buro 

Balao-balao 

Pla-chom 

Pla-chao 

Pla-ra 



APPENDIX II 

of the starters, Mich as cooked, roasted rice, i 
tiAikSoth~eAii 

(Abstracted from fisheries Products Manual) 



Raw fish major ly 
used 

Cirrhinus micropeltis Sauv. 
Macrones sp. 



Squid 

Crucian carp (Carassius 
carassius) 



Amount of salt Period of 

added fermentation 

5 : 1-30 : 1 3 months after mixing 

Salted 30 days, then added additives 

glutinous rice, angkak, 

palm sugar, and yeast 
Cooked rice, cooked 

glutinous rice also used 
3:1-5:1 for squid, 

added moulded cooked 

rice alter 1-2 weeks 
1 : 1 for Crucian carp 

cured for 2 months 



1 month for Shiokara, 
2 months for 
Funasushi 



Mackerel, sardine, atka- 
mackerel, and salmon 

Fresh-water fish Ophlce- 
phalus sp., Chanos chanos, 
martiniko, dwarf gouramy 

Small shrimp, 
Ophicepkalus *p. 

Ctrrhtna sp., small shrimps 
Waltago, Behdontichys, 



Half-ipoUed fish caufht by 
dynamiting in theMae- 
pmg river 



Lightly salted, cooked 2-3 weeks 

rice, and fresh vegetables 

added 
After salting fermenting 1 week 

rice, salted cooked rice, 

angkak are mixed 
After salting cooked rice, 1 week 

uted, but angkak is not 

added 
Removal of viscera and 3 days 

scale*, salted and added 

cooked rice 
After 3 days salting, 1 month 

washed and dried, then 

mixed with "Kao-mak", 

fermented glutinous rice 

by adding yeast and 

KNOT^ 
S : 1, added boiled rice 6 months 

in 1/2 of fish 



Preparation of 
raw fish 

Beheaded and 
eviscerated 



Not specified 

Sliced flesh of squid 

is used 
Gutted, gonad is 

not removed for 

Funasushi 

preparation 
Fifieced 



Dressed 
Whole 



Scaled and 
eviscerated 

Whole 



Beheaded and 
eviscerated 
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Name of 
Country product 

Cambodia Mam-ca-sat 



Mam-ca-loc 



Indonesia 

Borneo 
Thailand 



Laos 



Ceylon 



India 



Makassar fish 

Wadi 
Pla-mum 

Pla-ra 

Kung-chao 
Pla-ra-kao 

Padec 



A wet cured fish 



Colombo-curing 



India and East Dried, powdered 
Pakistan fish 



Cambodia 



Mam-mot 



Mam-seing 



APPENDIX II continued 
Haw fish majorly Amount of salt 

used added 

Pangasius 7 : 1, salted 6-10 days in 

a jar, then mixed with 

roasted rice 
Salted 10-30 days, then 

mixed with ginger, sugar, 

pineapple, and roasted 

rice 

Large amount of salt 
After few days, added 

angkak, ragi and spices 
Salted, added roasted 

rice or maize 
Salted and added by 

roasted rice 3-6 months. 

Take out and mix with 

sliced pineapple or honey 
Heavily salted for 2 days- 3 months-1 year 

3 months, then mixed 

with rice bran or roasted, 

milled rice 
Same as Pla-chao 



Ophicephalus striatus 



Engraulis sp. 
Stolephorus sp. 

Fresh-water fish 

Ophicephalus striatus, 
Ophicephalus micropeltis 



Trichogaster, Cirrhina 



Period of 
fermentation 

10 days, it can be 
stored for several 
years 

5 days after mixing 
these additives 



Not specified 



Not specified 
Not specified 



Fresh-water and marine 
shrimp 

Labeo sp., Trichogaster sp., 
Kryptopterus sp., Clarias 
sp. Small fresh-water fish 

Similar to Pra-hoc. Place 
in basket for 3 days after 
gutting and slicing, then 
pound with salt. Drain off, 
pickle for 2-3 days, 
pounded again with salt 
and rice husks 

Not specified 



Fish allowed to spoil 
before salting for 12-14 
hours, then mixed with 
roasted rice 

Salt content of the 
product is about 1 per 
cent 



1-2 months 



Not specified 



Mackerel, sardine, and seer 
(Cybium sp.) 



Small fish 



Entrails and flesh of 
Ophicephalus micropeltes, 
Ophicephalus striatus, 
Pseudosciaena sp. 

Eggs of lake fish 
Ophicephalus micropeltes, 
Ophicephalus striatus 



Can be stored for 1 
year 



Placed in saturated brine, 2-3 months 

add 2 per cent of 

Garcinia camboges by 

weight of fish 
3:1, along with salt, a 

variety of tamarind 

(Garcinia camboges) is 

mixed 
Stored in hole dug in the Not specified 

ground for 1 month. 

Then dried, powdered, 

and made into ball with 

crushed stem of 

Caladium 
Not specified 



6 : 1, mixed with roasted 
rice 



Not specified 



5-6 months 



Preparation of 
raw fish 

Beheaded and 
gutted 

scaled and bones 
are cut off 

Beheaded 



Not specified 

scaled and 
sliced 

Beheaded and 
gutted 



Remove scale and 

entrails 
Not specified 



Beheaded, gutted 
and sliced 



Not specified 



Gutted and gills 
removed 



Not specified 
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InAfi^asweUasmSwith r EaitAik,theiieedforw Here is 

shown a large consignment packed in petrol cam produced at a canning shop on the banks of the Nile, Sudan. 



THE INFLUENCE OF SOLVENT EXTRACTION ON THE 
NUTRITIVE VALUE OF FISH PROTEIN 

by 
A. B. MORRISON 

A brief description of different processes used in production of fish flour is given, and various studies are reported on the nutritive 
value of the protein in rah flour prepared by different processes. From the results of the latter, it is evident that at least some procedures do 
not uniformly result in products of good nutritional value. Considerable variability in nutritional value was observed, due to the use of different 
extraction procedures* 

In comparing the therapeutic effects of a maize diet supplemented with 10 per cent casein (casilan), 10 per cent South African fish 
flour or 10 per cent VioBin fish flour respectively, it was evidenced that neither type of fish flour was as suitable as casein. Better results are 
reported with isolated soybean protein supplemented with methionine and glvcine than with VioBin fish flour on the growing rate of chicks. 
Little definite information exists on the effects of solvents on the nutritive value of fish protein; there is, therefore, a great need for properly 
controlled experiments to compare critically the effects of various solvents on the composition and nutritive value of fish flour. 

From the biochemical point of view, studies should be carried out on the possibility that toxic products may be produced by reactions 
between fish solids and solvents, solvent decomposition products or solvent impurities, from the technical point of view, studies are needed 
on the influence of processing variables on the nutritive value of fish flour. At present time, it does not appear possible to state definitely 
either that any particular process or solvent will always result in a flour of good quality or that any particular process or solvent always yields 
a poor quality flour. A better understanding of the biochemistry and technology or fish flour is necessary before the material can take its 
place as an important source of high-quality protein in underdeveloped areas of the world. 

L'INFLUENCE DE L'EXTRACTION AU SOLVANT SUR LA VALEUR NUTRITIVE DES 

PROTEINES DE POISSON 

T X(, 

On donne ici une br6ve description des diffcrents procedfe dt fabrication de la farine alimentaire de poisson, et Ton expose diverses 
Etudes sur la valeur nutritive des prottines dans les farincs alimeotaires prepares sdon different* precedes. D'aprte les i&ultats de ccs etudes, 
il est Evident que quelques precedes au moins n'aboutissent pas d'un^facon rtgultere a des produits de bonne valeur nutritive. On observe 
une grandc variability dans le valeur nutritive, due & I'empfoi de diff&tentes mtthodes d'extraction. 

D'une comparison des effets th6rapeutiques dSm regime de mals supplement* respectivement avec 10% de casdine (Casilan), 
10% de farine alimentaire de poisson sud-africainc ou 10% de ffcrine alimentaire de poisson VioBin, on a constate qu'aucun type de farine de 
poisson ne convenait aussi bien que la caseine. On a signal*, a regard du taux de croissancc des poulets, des rdsultats supiricurs avec des 
protdincs isoltes de sqia supplement^ avec de la methionine <et de la glycine qu'avec de la farine alimentaire VioBin. Peu d'informations 
sures existent sur les effets des solvants a regard de la valeur nutritive des proteines de poisson; il est done ntecssairc d*effectuer des experiences 
convenablentent contrdiees pour comparer d'une fa$on critique les effets de divers solvants sur la composition et la valeur nutritive de la farine 
alimentaire de poisson. 

Du point de vue biochimique, il faudrait etudier rtventualitd d'une production de composts toxiques par les reactions qui intervien- 
nent entre 1& sotides du poisson, les solvants, les produits de decomposition des solvants ou les impuretes des solvants. Du point de vue 
technique, il serait n6cessaire d'effectuer de plus amples recherches sur Tinfluence des variables du traitemcnt a regard de la valeur nutritive 
de la farine alimentaire de poisson. Pour 1'instant, il ne semble pas possible d'affirmer definitivement qu'un precede ou qu'un solvant donn6 
va toujours conduire a une farine alimentaire de bonne qualite, ni qu'un precede ou un solvant donne ne preduira jamais qu'une farine de 
mauvaise qualite. Une meilleure connaissancc de la biochimie et de la technologic de la farine alimentaire de poisson est neccssaire avant 
que ce produit puisse prendre sa place comme source importante de proteines de haute qualite dans les pays sous-developpes du mondc. 

EFECTO DE LA EXTRACCION FOR SOLVENTES EN EL VALOR NUTRITIVO DE LA 

PROTEINA DE PESCADO 

Se describen brevemente diversos procedimientos de preparar harina de pescado y se informa de varios estudios sobre el valor 
nutritiyo de la proteina de la harina fabricada de diferentes maneras. De los resultados de los ultimos se desprende que por lo menps algunos 
procedimientos no dan productos de valor nutritivo uniformemente bueno. Se ban observado grandes variaciones en el valor nutritivo debido 
al empleo de diferentes metodos de extracci6n. 

Al comparer los efectos terapeuticos de una alimentaci6n de maiz con complementos de un 10% de casefna (Casilan), un 10% de 
harina de pescado sudafricana, o un 10% de harina de pescado VioBin, se ha puesto en evidcncia que ninguna de ellas es tan convcnicntc 
como la caseina. Se comunican resultados mejores con proteina de soja aislada con complementos de metionina y glicina, que con harina 
de pescado VioBin en la velocidad de crecimiento de polios. Existe poca informaci6n concrcta sobre los efectos de los solventes en el valor 
nutritivo de la proteina de pescado y, por lo tanto, es muy necesario efectuar experimentos perf ectamente regulados para comparar criticamente 
to* efectos de diversos solventes en la composici6n y valor nutritivo de la harina de pescado. 

Desde el punto de vista bioqulmico se deberia estudiar la posibilidad de que se produzcan compuestos t6xicos por reacci6n entre 
solidos y solventes de pescado, productos de la descompositidn de solventes o impurenzas de estos. Desde el punto de vista tecnico, sera 
necesario efectuar estudios de la influencia de las variables de la elaboracidn en valor nutritivo de la harina de pescado. De momento, no 
parece ser posible afirmar que un procedimiento o solvente dados daran siempre por resultado una harina de buena o mala calidad. Un con- 
ocimiento mcjor de la bioquimica y de la tecnologia de la harina de pescado son necesarios antes de que este producto pueda ocupar su 
puesto como fuente importante de proteina de alta calidad en los paises subdesarrollados del mundo. 
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POSSIBILITIES for increasing the supply and 
consumption of fish depend upon many factors, 
including scientific management of fish resources 
and technological advances in distribution and preserva- 
tion (1). Widespread use of fresh or canned fish is, in 
general, not economically feasible in many technically 
underdeveloped countries. More traditional methods of 
preservation, such as smoking, salting or drying, have 
been widely used, but fish so processed does not have a 
long storage life, especially under tropical conditions. 
Recently, several processes have been developed, by 
which fresh fish or good quality fish meal can be treated 
to remove the moisture, lipid and odor, yielding a 
stable, tasteless and odorless "flour 9 * containing 70-90 
per cent protein. If desired, the dcodorization step can 
be omitted for population groups that prefer a fishy 
taste in their foods. The processes used for production 
of fish flour all involve treatment of fish solids with 
organic solvents such as hexane, the lower alcohols or 
chlorinated hydrocarbons. Possible effects of solvent 
extraction on the nutritional value of the protein in 
the resultant flour have not received much attention, 
and it has generally been assumed that fish flour is 
consistently of high biological value. It is the purpose 
of this report to review briefly available information on 
the effects of solvent extraction on nutritive value of 
fish protein. 

It would seem appropriate in a review such as this to 
discuss processes currently used in production of fish 



flour. In the Guttmann-Vandenheuvel process (2), 
washed fresh offal, consisting of the trimmings from 
filleting tables (excluding the heads), from fish such as 
cod, haddock and hake is heated with dilute poly- 
phosphoric acid to 75-78C for 30 minutes. The slurry 
is filtered and the resulting press-cake washed with hot 
water, and refluxed for 15 minutes with isopropanol. 
The slurry is again filtered, and the fat and moisture- 
free press-cake screened to remove skin and bones, 
dried under reduced pressure and ground. The yield is 
10 pounds of flour, containing 94-98 per cent protein on 
a dry, ash-free basis, per 100 pounds of offal. The 
Dabsch process involves azeotropic extraction of fresh 
fish or fish meal with petroleum ether, followed by 
deodorization by means of repeated washings with 
ethanol. This process is basically that used in the pilot 
fish flour plant supported by UNICEF in Chile (3). 
Another process, the Vogel process, is notable primarily 
as a deflavoring and deodorizing procedure. Fat-free 
material is treated with acid or alkali, plus organic 
solvents, and the resultant product is dried at reduced 
temperature (3). The VioBin process has been described 
by Levin (4, 5). Briefly, it involves azeotropic extraction 
with ethylene dichloride. Deodorization is then carried 
out by extraction with mcthanol or ethanol. Other pro- 
cedures have also been used for preparing edible fish 
flour, notable among which is the Fishing Industry 
Research Institute (FIRI) process used in South Africa, 
which involves ethanol extraction of good quality fish 



TABLE I 

Nutritional rate of casein or defatted fish floor fed at three different levels to growing male rats for 4 weeks 

Data of Morrison and Campbell (7) 



Diet protein, per cent 
Weight gain, g. . . . 
Protein efficiency ratio, g. gain/g. protein 
Liver weight, g. Adjusted' . 
Kidney weiatt, g./pair Adjusted 
Adrenal weight, mg./pair Adjusted . 
Liver lipids, per cent . 



Diet! 

7 

53 10* 

2-86 0-81 

6-37 

M8 

24-3 

5-02 0-62 



Casein 
Diet 2 

10 

99 17 

3-04 0-30 

6-50 

1-28 

24-9 

4-50 1-07 



Diet3 

15 

152 21 

2-74 0-21 

7-23 

1*43 

20-6 

5-67 1-18 



1 Standard deviation* ' Adjusted by covariance analysis for differences in body weight. 



Diet 4 
1 

106 9 
4-19 0-35 
6-65 
1-23 
22-6 
540 MS 



Fish flour 
DietS 

10 

148 10 

3-80 0*19 

7-14 

1*26 

26-2 

5-14 0*64 



Diet 6 

15 

162 13 

2-71 0-16 

6-77 

1-47 

25-5 

5-47 0-80 



TABLE n 



Meet of Mi 



OFF) on the 
fed diets 



Weight 
Protein 



ratio, g. gain/g. protein 



Uverlkrfds, per cent 

Liver cholesterol, mg./g. wet tissue 

1 Standard deviation. 



of wttte bread, ai 
10 ner cent protein for 4 weeks 

Data of Morrison and Campbell (7) 



Dittl 
Casein 

109 14* 
3*49 0*14 
5*48 0*30 
2-50 1-38 



Diet 2 
Bread 

23 8 
1-30 0*21 
8*38 0*87 
3-71 0'57 



Diet 3 
10%FF 



145 16 
3*87 0*13 
617 1*04 
2*86 0-89 



Diet 4 
Milk bread 

43 dh 10 
1-97 0-27 
9-20 2*10 
2-94 1 18 



DietS 
Milk bread 



130 13 
3-59 0-18 
6-30 1 -15 
2*13 1*31 
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meal, followed by vacuum drying, with steam stripping 
to remove residual solvent (6). 

Most of the processes used appear to yield products 
of high nutritional value. Morrison and Campbell 
(7, 8) have studied the nutritional value of the protein 
in fish flour prepared by the Guttman-Vandenheuvd 
process. The material used was prepared from cod, 
and was a fat-free grayish powder containing 90 per cent 
protein. In one experiment, groups of male weanling 
rats were given otherwise adequate diets containing 
7, 10 or IS per cent protein supplied by fish flour or 
casein. As shown in Table I, protein efficiency ratio 
(PER) values found after 4 weeks for 7 per cent and 
10 per cent fish flour were significantly higher than those 
for comparable levels of casein; but similar values were 
found for both proteins at the 15 per cent level. The 
source of dietary protein had no significant effect on 
liver, kidney or adrenal weights, although renal hyper- 
trophy was observed in animals given IS per cent 
protein. 

In additional studies, the effects of the above-mentioned 
sample of cod flour on the nutritional value of white 
bread were examined. Four samples of enriched white 
bread were prepared according to a common bread 
recipe. Two of the samples contained 4*2 per cent 
milk solids, whereas water was used in making the other 
two samples. Prior to baking, 10 per cent of cod flour was 
added to one of the samples made with milk and to one 
of those made with water, at the expense of white flour. 
The baked samples were air-dried, ground and fed to 
groups of male weanling rats at the 10 per cent pro- 
tein level in an otherwise adequate diet. PER values 
found after 4 weeks are summarized in Table II. 
Addition of fish flour to bread, made with or without 
milk, increased the PER values by 82 per cent and 
198 per cent respectively, and significantly reduced 
liver lipid levels. The effects of fish flour on PER 
values could be explained on the basis of its contribution 
oflysineto the diet. 



TABLE III 

Nutritive value of protein in fish floor produced by VioBIn proem 

DataofMetta(9) 



Diet 

Fish flour . 
Whole egg . 

1 Standard deviation. 



Protein 
efficiency ratio 

g. gain/g. protein 

3-24 (MO 1 
3-56 008 



Biologic 
value 



88 2-6 
97 1-9 



Metta (9) determined the nutritional value of the pro- 
tein in a sample of fish flour produced by the VioBin 
process, using growth and nitrogen balance procedures. 
AB shown in Table HI, in pair-fed rats the PER value 
of fish flour was 90 per cent of that found for whole egg. 



The biological value of fish flour protein, determined by 
the classical balance sheet method of Mitchell, was 88 
per cent, whereas that of whole egg was 97 per cent. 

The nutritional value of a sample of deodorized fish 
flour was determined by Miller (10), who used the net 
protein utilization (NPU) method of Miller and 
Bender (11). The sample was produced in South Africa, 
but the process used was not that of the FIRI, accord- 
ing to Dreosti (12). The NPU value was found to be 
67, significantly less than that found for cod protein 
preparations produced in the laboratory by solvent 
extraction with acetone. In South African studies (6) 
the net protein utilization (biological value X digestibility) 
Of fish flour produced by the FIRI process was found 
to be 66 per cent, whereas those of VioBin fish flour and 
whole egg protein were 72 per cent and 89 per cent, 
respectively. No evidence was obtained that the FIRI 
fish flour contained any toxic substances. 

Allison et al. (13) conducted an extensive series of 
studies on the nutritional value of fish flour produced 
from hake meal by the Dabsch process. The flour was 
tested in growing rats by adding it at various levels to 
a pcotein-free diet, and adjusting the total dietary 
protein to approximately 25 per cent by adding casein. 
To test for possible toxic effects, the animals were 
maintained on experiment from weaning to one year of 
age. Blood cytology, organ weights and histopathology 
of various organs were studied at intervals during the 
experiment. The results showed that substitution of 
fish flour in various concentrations for casein did not 
significantly influence the gain per gram of food con- 
sumed. Cytological and histopathological studies failed 
to indicate any deleterious effects of fish flour. In further 
studies, it was observed that fish flour fed at two protein 
levels had equivalent PER values to those found with 
similar levels of casein. Similarly, nitrogen balance 
index measurements in dogs indicated that the protein 
in the sample of fish flour was similar to milk protein 
in its ability to maintain nitrogen equilibrium in the adult 
dog. 

Bender (14) determined the NPU values of a number 
of samples of fish flour prepared either from fish meal or 
fresh fish by the Dabsch process. A flour made from 
fresh cod fillets gave an NPU of 64, whereas a sample 
made from fresh whole herring gave a value of 73. 

Various samples of solvent-extracted fish flour pre- 
pared in the laboratory have also been studied and found 
to be of good nutritional value. Alcarez-Bayan and 
Leverton (15, 16) prepared flour from the dilis fish, an 
anchovy abundant in Philippine waters. Raw fish flour 
was made by drying the whole fish under the sun and 
grinding. The raw flour was then extracted with three or 
four batches of boiling ethanol, and dried at low tem- 
perature to produce a deodorized flour. The amino 
acid composition of the protein was closely comparable 
to that reported in the literature for casein, whole egg, 
beef muscle and other varieties of fish. Both raw and 
deodorized dilis flour contained protein of quality 
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comparable to that of casein, as determined by growth 
and nitrogen balance procedures. 

Miller (10) prepared cod flour by extracting cod flesh 
with acetone and air drying to allow evaporation of 
residual solvent. In one study, the NPU value was 
found to be 79*5. In a second experiment, however, the 
value for a sample prepared by the same procedure was 
only 68-3. 

From the above-mentioned results, it might appear 
that fish flours are of uniformly high nutritional value. 
However, not all investigators have found fish flour to 
be of high quality, and there is evidence that at least 
some procedures do not uniformly result in flours of 
good nutritional value. As reported by FAO (3), Bender 
found NPU values of various samples of fish flour to 
vary from 29 to 77. Digestibility coefficients varied 
from 68 to 96 per cent. It is not possible, from the data 
presented, to separate the effects of processing condi- 
tions from those of species of fish and other factors. 

Morrison and McLaughlan (17) observed considerable 
variability in nutritional value of samples of fish flour 
prepared by various extraction procedures. Five samples 
were studied. Sample A was prepared from cod and 
haddock fillets by azeotropic extraction of the raw 
material with cthylene dichloride, followed by de- 
odorizing with ethanol. Sample B was prepared from 
a mixture of cod, herring, hake, shark and ray, by solvent 
extraction of the raw material. No information was 
available on the solvent used. Sample C was prepared 
from whole menhaden by extraction of the raw material 
with tertiary butanol. Samples CC and CH were pre- 



cascin (casilan), 10 per cent South African fish flour 
or 10 per cent VioBin fish flour. The therapeutic effects 
of the three diets were compared by following weight 
gains, serum albumen concentration, and nitrogen 
balance, as well as the clinical condition of the patients. 
The results indicated that the diet containing South 
African fish flour was unsuitable in many cases for the 
treatment of convalescent kwashiorkor. There was 
some evidence that the sample of VioBin flour was more 
satisfactory, but neither type of fish flour was as suitable 
as casein. Recently, Zeigler and Scott (19) reported that 
chicks given a purified diet containing VioBin fish flour 
grew significantly less rapidly than those given a similar 
diet containing isolated soybean protein supplemented 
with methionine and glycine. Repeated washing of the 
fish protein with water at pH 4*7 and/or the addition of 
various sources of chick unidentified growth factor 
supplements failed to improve growth. Isonitrogenous 
addition to the fish diet of 10 per cent isolated soybean 
protein increased weight gains by approximately 18 per 
cent. 

In other investigations, Kurtzman et al (20) conducted 
chemical analyses and rat and chick assays to study 
variability in the quantity and quality of the protein of 
fish flours currently or potentially available on the world 
market. These workers concluded that fish flour "can 
neither be considered to have a given protein content 
nor to be a consistent source of high quality protein". 
Most of the nine samples tested by Kurtzman et al. 
contained protein of good or excellent quality, but PER 
values ranged from 1*20 to 2*78. 



Weight gain, g 

Protein efficiency ratio, g. gain/g. protein 

UnacUusted 

Adjusted* 

Liver lipids, per cent .... 



TABLE IV 

Variability In nutritional value of Jtah flour 

Data of Morrison and McLaughlan (17) 

Experiment 1 
Casein Fish flour A Fish flour B Fish flour C 

5910 l 234 508 669 

2-920-30 1-780-20 2-51 0-31 3-050*26 
2-50 1-51 2-13 2-59 

4-200-55 3-330-59 4-2Q0-64 4-070-57 



Experiment 2 
Casein Fish flour CC Fish flour CH 

637 649 7510 

2*880-13 3-01 0-23 3-230-23 

2-50 2-58 2-76 

3-91 0-35 4-020-31 3-990-28 



1 Standard deviation. ' Adjusted to a standard value of 2-50 for casein. 



pared from cod and herring offal, respectively, by iso- 
propanol extraction according to the procedure of 
Guttmann and Vandcnheuvel (2). As shown in Table IV, 
corrected PER values varied from 1*51 (sample A) to 
2-76 (sample CH). The two samples prepared by the 
Guttmann- Vandcnheuvel process had PER values 
which were similar and comparable to that found with 
the flour prepared by tertiary butanol extraction. 

Other workers have also found that certain samples of 
fish flour are of relatively poor nutritional value. 
Pretorius et al (18) gave convalescent kwashiorkor 
patients a maize diet supplemented with 10 per cent 



Although the results of several of the above-mentioned 
studies suggest that the solvent used in preparing fish 
flour may have an important effect on its nutritional 
value, little work has been done to compare critically 
the effects of different solvents. In most instances, definite 
conclusions cannot be drawn from published data 
because of differences in pre-processing handling of the 
fish, species of fish, time of year, or other processing 
factors. Such factors must be carefully controlled, if 
aingful results are to be obtained. 



We have recently, however, had occasion to examine 
the nutritional value of samples of fish flour prepared 
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from whole redfish (ocean perch), redfish fillets or redfish 
gurry, by the Guttmann-Vandcnheuvel process or by 
azcotropic extraction with ethylene dichloride (21). The 
pre-processing history of the samples was identical, as 
far as could be ascertained. The samples were fed to 
groups of male weanling rats at the 11-5 and 23 per cent 
protein level, in otherwise adequate diets. Net protein 
ratios (NPR) were determined after one week by the 
method of Bender and Doell (22) and PER values were 
calculated after 3 weeks. The results indicated that, when 
tested at the 1 1 *5 per cent protein level, the three samples 
prepared by the Guttmann-Vandcnheuvel process were 
of higher nutritional value than those prepared by azeo- 
tropic extraction with ethylene dichloride. The apparent 
difference between the two processing methods was not 
observed, however, when the samples were tested at the 
23 per cent protein level. Samples produced with 
ethylene dichloride contained less lysine and methionine 
than those produced by the Guttmann-Vandenheuvel 
process, but the ratio of "available'* lysine to total 
lysine was not influenced. Flour produced from fillets 
was of greater nutritional value than that produced from 
gurry. 

The nutritional value of these flours was also deter- 
mined by Kurtzman et al. (23). These investigators used 
both rats and chicks to examine the materials, and found 
that, when fed to rats at the 9 per cent protein level, 
samples produced by the Guttmann-Vandenheuvel 
process were of greater nutritional value than those 
produced by extraction with ethylene dichloride. In 
general, digestibility of the protein was not significantly 
influenced by the process used, and it was concluded 
that the differences observed were related to the utiliza- 
tion of the protein after absorption. However, when the 
chick was used as the test animal, the situation was 
reversed; samples produced by azeotropic extraction 
with ethylene dichloride were of somewhat greater 
nutritional value than those produced by extraction 
with isopropanol. As Kurtzman et al. (23) pointed out, 
the difference between species of test animal may be 
related to differences in requirements for amino acids or 
unidentified growth factors. 

We have also studied the nutritional value of samples 
prepared from cod, herring, rosefish and caplin by a 
modification of the Guttmann-Vandenheuvel process 
(21). The modification involved removal of bones by 
chloroform flotation, rather than by screening. When 
tested at the 10 per cent protein level, the samples were 
of good nutritional value, but when tested at the 20 per 
cent protein level, they inhibited growth and food 
consumption, indicating the presence of a toxic factor. 
The toxicity was directly related to the organic chloride 
content of the samples, and, although it could be re- 
moved by ether extraction, was resistant to removal by 
prolonged heating. 

There is also evidence from work with other proteins 
that prolonged solvent extraction may reduce the nutri- 
tional value. Harris and Mattill (24) extracted liver and 



kidney globulins with boiling ethanol for several days, 
and observed a significant decrease in the amount of 
free amino nitrogen, although the amount of total 
nitrogen was not affected. Other dehydrating solvents, 
including methanoL, acetone and isopropanol produced 
similar effects. These workers suggested that during 
extraction free amino groups (principally from lysine) 
were combined with carboxyl, imino or hydroxyl 
groups into new enzyme-resistant linkages. De Muelen- 
aere et al. (25) prepared zein from corn gluten by 
alcoholic extraction, and found that the method of pre- 
paration reduced the availability of threonine and vaHne, 
as measured by a rat growth assay. In vitro and in vivo 
digestion studies showed that the alcoholic treatment 
reduced the digestibility of zein. 

In an extension of the work of Harris and Mattill (24), 
we have recently examined the effects on lysine avail- 
ability of prolonged extraction of cod flesh with iso- 
propanol (26). Cod fillets were chopped, air dried and 
refluxed with twice their weight of isopropanol for 2, 4, 
12 or 24 hours. The slurry was filtered hot, and the 
resultant press-cake was washed with two volumes of 
hot isopropanol. The press-cake was then air-dried; 
ground and residual solvent was removed in vacuo. 
Total amino N was determined by the procedure of 
Melnick and Oser (27), after in vitro digestion of the 
samples with pancreatin. Availability of lysine was 
determined by a rat growth assay, using a modification 
of the method of Calhoun et al. (28). The results showed 
that the amount of total amino N released from the 
samples by pancreatic digestion in vitro was not influenced 
significantly by the isopropanol treatment. Availability 
of lysine in the samples was also not affected by the 
prolonged extraction. 

In an extensive series of studies on changes in stored 
herring meals, Lea et al. (29) found that cod muscle 
reacted rapidly with propanal, resulting in a decrease 
in total free amino groups, in "available" lysine and in 
nutritive value as measured by chick bio-assay. It was 
concluded that aldehydic decomposition products of 
oxidizing fat can rapidly destroy "available 9 * lysine 
under conditions similar to those existing in fish meal 
during storage. Oxidized herring meal contained more 
lipid apparently "bound" to protein than did fresh 
meal. The "bound** lipid was much more resistant to 
solvent extraction than the great bulk of the fat. Whether 
or not reactions analogous to those studied by Lea et al. 
(29) can occur in fish flour, or whether some samples 
of fish flour (particularly those made from fish meal) 
contain "bound** lipid is not known. Although it should 
be pointed out that not all fish flours are completely 
fat-free, it would appear unlikely that the amount of 
lipid in most samples is sufficient to exert significant 
effects on nutritional value. 

From the aforementioned results, it is obvious that 
there is little definite information on the effects of sol- 
vents on the nutritional value of fish protein. There is a 
great need for properly controlled experiments to com- 
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pare critically the effects of various solvents on the com- 
position and nutritional value of fish flour. Such studies 
should include investigations of the basic biochemical 
reactions involved. Studies should be conducted to 
investigate the possibility that the deleterious effects of 
feeding high levels of certain samples may be caused by 
binding of toxic solvents to protein. The possibility 
that toxic products may be produced by reactions 
between fish solids and solvents, solvent decomposition 
products or solvent impurities also needs further investi- 
gation. 

The problem of reduced availability of ammo acids in 
certain samples of solvent-extracted fish flour is of 
particular importance and should be studied extensively. 
It is possible that samples containing unavailable 
amino acids may have been heated too rigorously 
during removal of the solvent, and that poor quality 
samples produced from fish meal may have undergone 
heat damage during curiife of the meal. Studies need 
to be conducted also on the most efficient solvent for 
extracting lipid and water from fish solids, since the sol- 
vents now being used for these purposes are not all 
equally effective. For example, hexane is known to be a 
poor solvent for protein-bound lipid, which consists 
largely of phospholipids. 

From a technological rather than biochemical point of 
view, it is necessary that careful studies be conducted on 
the effects of processing variables, including the solvent 
used, on the nutritional value offish flour. At the present 
time, it does not appear possible to state definitely that 
any particular process or the use of any given solvent 
will always result in a flour of good quality. Conversely, 
it is not known definitely that any particular process or 
solvent always yields a poor quality flour. A better 
understanding of the biochemistry and technology of 
fish flour is necessary before the material can take its 
place as an important source of high-quality protein in 
underdeveloped areas of the world. 
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THE INFLUENCE OF IRRADIATION PRESERVATION ON THE 
NUTRITIVE VALUE OF FISH AND FISHERY PRODUCTS 

by 
J. M. SHEWAN 

Fish and fishery products were among the first foodstuff i to be tested by the irradiation preservation technique, Of the many products 
that have now been examined, none has stood up to the doses necessary for commercial sterility, mainly because of the production of un- 
desirable odour, flavour and colour changes. 

Pasteurization, particularly in conjunction with so-called "combination techniques 9 * such as the use of antibiotics, antioxidants and 
blanching, appears to be much more promising, and most of the research work now in progress is confined to this aspect of the technique. 

even with pasteurization, however, it is clear that there are considerable differences in the results obtained, depending mainly on the 
species or type of food irradiated. In general, fatty fish give much less satisfactory products than non-fatty species, owing to toe development 
of rancid and other off-flavours in the fats and lipid components, while in species such as salmon and tuna the pigment is either destroyed or 
so altered as to make the product unacceptable in appearance. 

On the other hand some products, such as blanched oysters, cod, lemon sole, smoked cod and cooked crab meat, stand up well. 

The type of container (whether plastic or tin, etc.), the presence or absence or oxygen or of an inert gas such as nitrogen, and the 
temperature of the foodstuff during irradiation, all affect the suitability of the product for irradiation. 

Pasteurizing doses can generally effectively reduce the bacterial load, particularly on the raw products, and consequently there is 
often a considerable extension of the shelf life of the product at chill or room temperatures as compared with the controls. However, there 
are various discrepancies in the extension times claimed by various workers; but these are almost certainly due to the different organoleptic 
standards used. Anyhow, on the basis of such extensions, many believe that by the use of irradiation the market for certain fish and fishery 
products could be considerably expanded. 

Nutritionally, fish in general are looked upon as being valuable sources of proteins, minerals and certain vitamins such as thiamine, 
niacin and vitamin A. All the available evidence seems to show that irradiation, even at much higher doses than those used for pasteurization, 
does not seriously impair the food value of the fish flesh. Moreover, feeding trials and other data so far have shown no indication of any toxic 
or carcinogenic component being present in irradiated fish flesh. 

I/INFLUENCE DE LA PRESERVATION PAR IRRADIATION SUR LA VALEUR NUTRITIVE 
DU POISSON ET DES^RODUTTS DE LA PECHE 

Lc poisson et les produits de la ptche sont parmi tef.ffemteres denrees alimentaires a avoir ete soumises a la technique de preserva- 
tion par irradiation. Parmi les nowbreux produits qui ont 6t6 d&s maintenant 6tudi6s, aucun n'a M porte aux doses ntoessaires pour obtenir 
la sterilite industriclle, en raison principals de f apparition d'une odcur ind&irable et de modifications de saveur et de couleur. 

La pasteurisation, en particulier en conjugaison avfec ks techniques elites "combintes" qui mettent en oeuvre des antibiotiques, des 
antipxydants et le blanchtment, apparaft plus riche de promesse; et la plus grandc partie du travail de recherche actuel se confine dans cet 
aspect de la technique. 

Mtoe dans le cas de la pasteurisation, il est cependant dak qu'il existe des differences considerables dans les resultats obtenus, en 
fonction surtout de I'espdce ou du type d'aliment irradie. En general, le poisson gras donne des produits bien moins satisfaisants que les 
esptces non grasses, par suite du dtvdoppement d*un gout de ranee et d'autres saveurs desagreaoles dans les graisses et les composants 
lipidiques, tandis que chez certaines especes comme le saumon et le thon, le pigment est detruit ou altere de telle manterc que le produit 
devient inacceptable par son aspect. 

D'un autrc cdte, quelques produits comme les hultres blanchies, la morue, la limande sole, la morue fumte et la chair cuite de crabe 
se component bien. 

Le type du recipient, (c'est-a-dire plasticjue ou etain, etc.), la presence ou 1'absence de 1'oxygfcne ou d'un gaz incite tel que 1'azote et 
la temperature de la denree alimentairc durant 1'irradiation affectent tous la convenance du produit a cette irradiation. 

Les doses de pasteurisation peuvent en general reduire efficacement la charge bacterienne, en particulier dans les produits bruts; 
en consequence, elles permettent souvent une extension considerable de la duree de conservation du produit a des temperatures froides ou 
ambiantes, par comparaison avec des tehantillons temoins. Cependant, divers auteurs ne sont pas d'accord en cc qui concerne les chutes de 
cette extension de la conservation, mais ce desaccord est certainement dft a la difference des normes organoleptiques appliquees. Quoi qu'il en 
soft, en tenant compte de tcllcs extensions, certains pensent qu'avec 1'emploi de I'iiradiation on pourrait eiargir d*une facon considerable ks 
debouches de certains poissons et produits de la p6cne, 

Sur le plan de la nutrition, le poisson est g6neralement consider comme une source de valeur pour les proteines, les mineraux et 
certaines vitamines telles que la thiamine, la niacine et la vitamine A. Toutes les donees disponibtes sembtent montrer que 1'irradiation, 
mftne a des doses plus hautes que celles utilis6es pour la pasteurisation, ne change pas serieusemcnt la valeur au^nenta^deU chair de poisson. 
En outre, les essais d'alimentation et autres donnees n'ont pas jusqu'iti revefi aucune indication de la presence de composant toxique ou 
cancerigtae quetoonque dans la chair hradiee de poisson. 

EFECTO DE LA PRESERVACION POR IRRADIACION EN EL VALOR NUTRTTIVO 
DEL PESCADO Y LOS PRODUCTOS PESQUEROS 



principalmente a modificaciones del color y a la apariaon de olores y sabores desagradabks 

La pasteurization, particularmente junto con las tecnicas uamadas de combinati6n, como el uso de antibioticos, antioxidantes y 
etcaldado, parece ser mucho mas proroetedora y per oto casi todas las investigacfones que se realizan actualmente se circunscriben a este 
aspecto de 1^ tcdica. 

Sm embargo, aim cxm la pasterizacione 

mente de las especws o tipo de alimento irmdiado. En general, el pescado graso da productos mucho menos satisfactorios que el magro. 
debido a k aparicton de un sabor rancio y otorei desgradabks en las graaas y en los compueto8 lipf dices, en tan toque en espccies como d 
salmon y el atun el pigmento se dcstruye o se ahera de tal manera que el producto se haoe inaceptaok por su aspecto. 
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For otrolado, productos como Us ostnwe 
bkn el trat&miento. 

1 tipo de recipient*, (si cs p&atico u hojalata, etc.), la preaencia o ausentia de nitr6geno o de un gas incite como elnitr6geno, y la 
temperatura del alimento durante la irradiad6n, todos inftuyen en la conveniencia del producto a ser irradiado. 

Las dosis de pasterizacion puedea, en general, reducir eficazmente la carga bacteriana, en particular en lot productos crudos; por 
tanto, a roenudo ae prolonga considerablemente la duract6n del producto enfriado o a la temperatura ambiente, con respecto a las muestras 
testigo. Empcro, diverse* autores no catan de acuerdo en lo que contierne a la prolongaci6n, pero este desacuerdo es casi seguro que se debe 
a las diferentes normas organolepticas aplicadas. Sin embargo, teniendo en cuenta tales extensions, muchos creen que aplicando la Irradiation 
se podra lograr una gran ampliaci6n de los mercados para ciertos pescados y productos de la pesca. 

Deade el punto de vista de la nutricion > el pescado se considera en general como una valiosa fuente de proteina, minerales y ciertas 
vitaminas como tiamina, niacina y vitamina A. Todos los datos disponibles parecen demoatrar que la irradiation, aun a dosis muy superiores 
a las empieadas para la pasterizacion, no altera gravemente el valor alimenticio de la came de pescado. Ademas, los ensayos de alimentation 
y otros datos no ban demostrado hasta ahora que en la came del pescado irradiado existan compuestos toxteos o carcinogenos. 



FISH were among the first products to be tested 
when irradiation in its present form was introduced 
as a preservation technique by Brasch and Huber 
in 1947 (6). It was an attractive method inasmuch as it 
afforded the opportunity of controlling microbial 
spoilage, without using heat or chemical additives. 
Moreover, since micro-organisms are much more 
radiation-sensitive (29) than the tissue enzymes (36), it 
was possible to compare the effects of autolysis alone 
with those caused by microbial and tissue enzyme 
actions combined (22, 27). For example with fish, many 
of the microbial types involved in spoilage Pseudo- 
monas and Achromobacter spp. are completely in- 
activated by doses of from 2 to 3 M rads (32) (see 
Table I), whereas even at 14 M rads the apyrase muscle 
system is only half inactivated (24). As data accumulated, 
however, it soon became clear that the early promise of 
furnishing acceptable products likely to compete effec- 
tively with other commercially available foodstuffs was 
going to be hard to fulfil. Subsequently, there were 
other complicating factors. Doubts were expressed as 
to the wholesomeness of some irradiated foods; they 
were said to contain poisonous components or to be 
radioactive, although, as will be mentioned later, these 
objections appear to be completely unjustified. More- 
over, the suspension in 1959 of the building of the U.S. 
Army's Ionizing Radiation Center in California, designed 
to produce about 2 tons of irradiated foods per hour, 
seemed to support these suspicions. 

However, more recent results (including some obtained 
with certain sea foods) have given rise to a new wave of 
optimism, particularly in the U.S.A. As was pointed out 
in 19S9 (12, 14) extreme pessimism about the prospects 
of the irradiation method was hardly justified; for, 
although sterilising irradiation had yielded unacceptable 
products in civilian markets, low-dose (or pasteurizing) 
irradiation, particularly if combined with other pro- 
cedures such as the use of antioxidants or antibiotics, 
had been found to hold out promise of considerable 
improvement. Consequently, it was suggested that 
concentrated, fundamental, chemical, biochemical and 
microbiological studies were required in order to define 
more clearly the technical limits and possibilities of the 
new process, and such studies have been undertaken in 
many centres since 1959. 



The most recent results suggest that considerable 
progress has been made towards obtaining products of 
acceptable eating quality, particularly by using pasteur- 
izing procedures. "Know-how" has been accumulating 
about ways of minimizing flavour and odour changes 
(e.g. irradiation of the food in the frozen state); about 
the use of additives to prevent undesirable flavour and 
odour changes; and about the use of suitable conditions 
for storing the irradiated product. Some very recent data 
obtained at the Torry Research Station for a variety of 
sea foods confirm the impression that some of these 
alterations in technique have yielded some products 
much more acceptable than their counterparts in our 
earlier experiments. 

However, in comparing the large amount of data 
now available on irradiated sea foods, there still appear 
to be wide discrepancies in the results obtained by various 
workers; and in trying to account for this, three facts 
must be borne in mind. 

(1) Sea foods comprise a large variety of products 
differing from each other not only in appearance, colour, 
flavour and texture, but also in chemical and biochemical 
characteristics. It is clear, therefore, that it is almost 
impossible to generalize. For example, the treatment 
giving a worthwhile preservative effect with cod fillets is 
quite unsuitable for salmon, owing to bleaching of the 
pigment. 

(2) In assessing the effect of irradiation, either im- 
m^diately after treatment or during storage, reliance is 
nearly always put on organoleptic assessment, and here 
arises one of the major difficulties. Most frequently a 
hedonic scale is used, and it is evident from the published 
data that quite different standards are being used by 
various workers. The standards of inland consumers 
are likely to be very different from those of consumers 
on the sea coast Moreover, a variety of cooking pro- 
cedures are being used (frying, baking, steaming in 
casserole, etc.) and it is well recognized that a product 
acceptable when fried in deep fat might be quite un- 
acceptable when steamed. 

(3) The usefulness of a particular irradiation technique 
is frequently expressed in terms of "extension of limit of 
edibility*'; this can be quite a misleading criterion. A 
more suitable one would be "storage life as a good 
edible product". After all, the success of the method 
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will depend not on whether it can increase the supply of 
poor quality products in areas where similar products of 
poor quality preserved by other techniques, (e.g. chilling 
or freezing), are already available, but whether it can 
supply better ones. 

A market feasibility study of irradiated fishery products 
recently carried out by the U.S. Fish and Wildlife Service 
(1) showed that many in the fishing industry believed 
irradiation would revolutionize the fresh fish trade, 
lead to the development of new markets and the expan- 
sion of old ones. Canning, it was pointed out, often 
involves over-cooking the product and anyhow produces 
something quite different from the fresh article, while 
freezing produces undesirable changes in texture and 
flavour. Many of us who have had some experience 
with both irradiated and frozen fishery products believe 
that where freezing, and particularly cold storage 
conditions are properly controlled, the products are 
usually superior to irradiated ones. In Britain the more 
progressive firms now use cold storage temperatures 
for sea foods of 20F, whereas in the U.S.A. the 
normal temperature is about 5F and even higher. 
Experience at the Torry Research Station and elsewhere 
has shown that most sea foods held at this latter tem- 
perature for any length of time, rapidly deteriorate in 
organoleptic quality; it is not surprising therefore that 
it is considered in the U.S.A. (1) that irradiation could 
compete successfully with freezing. 

As the Market Feasibility study pointed out, if irradia- 
tion is to become commercially feasible it must fulfil a 
useful purpose at an economic cost and the products 
must be wholesome and nutritionally adequate. So far 
as irradiated pasteurized products are concerned, the 
advantages likely to accrue are: reduction in spoilage 
losses, extension of the marketing period, maintenance 



of quality during marketing and accessibility of untapped 
markets. Such advantages, it is believed, could also be 
claimed for freezing, were it to be properly carried out. 
However, it is the opinion of many experts in the U.S.A. 
that the products which hold out the best technical 
promise for low dose irradiation are some sea foods and 
fruits, and at the moment a most intensive programme 
is under way or is about to commence on the irradiation 
pasteurization of 4 specific sea foods (haddock, flounder, 
crab and clam). These studies are to include the deter- 
mination of shelf life at various pasteurizing dosages, 
nutritional value and wholesomeness, the most suitable 
packaging material and consumer acceptance. The 
results, when available, should make the comparison 
between irradiation and other modern methods of 
preservation a much easier proposition. 

1. Radiation at sterilizing doses 

Reports from a variety of sources show that most fishery 
products can be near-sterilized by doses of about 2-0 M 
rads (35). This is perhaps not surprising since pure 
culture studies have shown that many of the bacterial 
type* involved in the spoilage of sea foods, e.g. Pseudo- 
monas spp. are quite sensitive to irradiation (9, 32, 37) 
{Table I). However, to produce a commercially safe 
product, doses of 5-0 M rads are required, in order to 
ensure the destruction of the spore bearer Cl. botulinwn 
(9). Such a treatment does not cook the fish, the rise in 
temperature being at the most only about 10C, but it 
does so alter their organoleptic properties that they are 
quite unacceptable to the consumer (7). Table II shows 
the maximum permissible irradiation doses that can be 
given to various sea foods. Doses in excess of these 
values produce undesirable organoleptic changes in 
odours, flavours or appearance. These undesirable 



TABLE! 



Irradiation of i 



National Collection of Marine Bacteria with 100 Krad 

Fear, (37)] 

Number of bacterial ml. broth 

NCMBNo. Species Before After irradiation 

1 Photobacterium splendidum 1-6 10 4 10 s 

4 Serratia marinorubra 2*2 10* 3*7 10 7 

5 Corynebacter erythrogenes 5*0 10* 8-1 10* 

6 Vibrio anguiUarum 1-010* 10* 

7 Photobacterium phosphoreum 1*4 10 1 10* 
10 Pseudomonas fluorescens 5*610* 2-9 10 4 

. 13 Micrococcus sp. 3-7 10" 8-1 10* 

14 Micrococcus sp. 50 10 10 H 10 10 

21 Flavobacterium sp. 1-010* 7-1 10 7 

22 Flavobacterium sp. 3-0 10* 2-1 10* 

126 Pseudomonas sp. 3-010* 10* 
128 Pseudomonas sp. 5-0 10* 4-7 10* 
132 Achromobacter sp. 1-010* 1*010* 

135 Achromobacter sp. 5*610* 1-010* 

23 Pseudomonas formicans 1-510* 9-0 10 4 
30 Pseudomonas olevorans 1*210* 9*0 10 4 
38 Spirillum*?. 3-210* 1-410* 
40 Spirillum*?. 2*4 10 7 10* 

127 Pseudomonas sp. 2-210* 1-810* 

136 Pseudomonas^ 3*010* 2-810* 



209 



Fish in Nutrition: Influence of Processing 



Carver Mid Steinberg 
(1939)-** Proctor ct a!. (28) 

Proctor**/. (28) 

Nfctwrson//.<23) 

Carver and Steinberg 
1958 KC Proctor et at. (28) 



Proctor et a/. (28) 



Carver and Steinberg (1958) 
see Proctor et al. (28) 

Proctor and Bhatia (1958) 

Carver and Steinberg (1958) 
see Proctor ef n/. (28) 



Proctor */ a/. (28) 



Specks 
Whiting 



Whiting 
Silver Salmon 

Haddock fillets 

Haddock 
Butterfith 
Pollack 

Pollack 

Butterfish 

Flounder 

Salmon 

Sturgeon 

Tuna 

PetralcSole 

Halibut 

Salmon steaks 

Ocean Perch 

Ocean Perch 

Cod 

Cod 



Haddock 

Pollock 
Whiting 
Ocean Perch 

Mackerel 
Mackerel 

Haddock 

Pollack 

Whiting 

Cod fillets 

Cod fillets 

Haddock 

Black cod 

Cod 

Cod 

Butterfish 

Cod 

Butterfish 

Herring 

Cod 

Haddock 

Lobster 

Oregon Shrimp 

Lobster meat 

Crabmeat 

Crabmeat 

Oysters 

Crabmeat 

Alaska Shrimp 

Oysters 

ffflTTMT 

Oysters 



Oysters 

Crabmeat 



TABLE n 
lowf or tcceptabffity of seafoods 

Irradiation treatment 
Raw fillets 



Raw fillets 

Frozen steaks under vacuum 

Cellophane wrap in air 

Raw fillets 
Raw fillets 
Raw fillets 

Raw fillets 
Raw fillets 
Raw fillets 
Smoked, frozen 
Smoked, frozen 
Smoked, frozen 
Fillets frozen 
Steaks frozen in cans 
Pre-cooked breaded 
Frozen vacuum 
Frozen blanched 
Raw in tins in air 

Raw fillets 



Fillets in polythene in air 

Blanched 5 mins. 60C 
Blanched 5 mins. 60C 
Blanched 5 mins. 60C 

Frozen in cans under vacuum 

Blanched 5 mins. 100% frozen 

Frozen under vacuum 

Blanched 5 mins. 100C under vacuum 

Fillets blanched 5 mins. 60C 

Fillets blanched 5 mins. 60C 

Raw 

Frozen 

Smoked skinned fillet 

Smoked frozen 

Smoked steamed 

Fillets blanched 5 mins. 60C 

Fillets blanched 5 mins. 60C 
Blanched 

W* 1 ^ J 

Kippered 

Fish sticks pre-cooked 

In cans, frozen 

Boiled, tail and claw 

Picked, fresh 

Cooked in polythene bags 

Picked, cooked 

Picked, frozen 

Breaded, frozen, pro-cooked 

Frozen 

Frozen 

Breaded, frozen, precooked 

Smoked and heat processed 

Heat processed 

Smoked in cans under vacuum 

Smoked 

Raw shucked 

Cooked frozen cakes 



rife* 



Mradt 
0-23 



0-25 
0*50 

0*60 

0-70 
0-70 
0-70 

0-75 
0-75 
0-75 
0-75 
0-75 
0-75 
0-75 
0-75 
0-75 
0-75 
0-75 



0-83 



0-90 

0-93 
0-93 
0*93 

1*0 

1-0 

1-0 

1*0 

1-0 

1*0 

1*0 

1-0 

1-5 

1-5 

1-5 

1-9 

1-9 

2-0 

2*0 

2-0 

2*0 

2*25 

0-25 

0-25 

0-5 

0*5-1*0 

0-5 

0*5 

0-75 

0*75 

0-75 

1*0 

1-0 

1*0 

1*5 

5*0 

6*0 
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I 




0.2 



0.8 1.0 



.2 



0.4 0.6 

Dote Mrada 

Fig. 1. The effect of irradiation on the initial organoleptic assessment of various species offish. 



.4 .6 

Dote Mrftdi 



.8 



1.0 



odours and flavours, which have been described as 
"metallic", "burnt feather-like", "rubbery", "salt fishy" 
and so on, can, of course, be detected after irradiation at 
levels much lower than those given in Table I, but 
usually do not become objectionable until the dose 
levels reach the values quoted in Table II. It will be 
noted that species such as whiting, haddock and lobster 
are extremely sensitive to irradiation, white tuna, 
smoked fish, fish sticks, blanched oysters and cooked 
crab meat are relatively quite resistant. Some recent 
data obtained at the Torry Research Station in conjunc- 
tion with the Low Temperature Research Station at 
Cambridge (England) endorse these findings (Fig. 1). 

The conclusion seems to be unavoidable that, until 
some means have been devised that can improve con- 



siderably the organoleptic properties of the majority of 
sea foods listed in Table II, sterilization by irradiation 
will not be a feasible commercial proposition. Some 
such means may be irradiation in the frozen state or in 
the presence of inert gases; the use of chemical protectors 
(11) and the choice of suitable packaging materials 
(17). 

2. Pasteurization 

Whilst sterilization appears, therefore, to be of little 
more than academic interest, the development of a satis- 
factory technique of pasteurization seems to be a more 
readily attainable objective. So far as fish are concerned, 
most of the work now in progress, particularly in various 
Department and Research Institutes in the U.S.A., is 



TABLE III 



Type of Fish 



Haddock . 
Cod . 
Ling . 
Lemon Sole 
Mackerel 
Herring 
Kipper 



Haddock . 

Cod. 

Ling . 

Lemon Sole 

Mackerel 

Herring 

Kipper 



ORads 
Control 



T i 

6*9 
8-0 
7-9 
8-0 
7-0 
6-9 
7-3 



r 

7-4 
7-2 
6-4 
7-3 
6-1 
6*6 
7-1 



C* 

5-3 
6-7 
5-4 
5-5 
6-5 
5-6 
5-7 



C 

6*2 
6-3 
5-6 
5-6 
6-2 
7-0 
4*8 



t of fell 1 



[Coleby and Shcwan (7)] 

0-5 x 10* rods 0-5 x 10' rods 

Unfrozen Frozen 

Raw Odour Scores 



rays 



T 
6-1 
5-8 
7*3 
7-0 
5-5 
6-3 
6-3 



T 
5*8 
6-8 
4-9 
5-9 
4-5 
4-5 
5-7 



C 

4-7 
3-1 
4-8 
3*8 
3-8 
4.4 

4-3 



T 
7-0 
7-7 
6*9 
6-6 
5-5 
6-3 
6-7 



Cooked Flavour Scores 

C T 

4-5 6*2 

6-5 7-1 

4-8 5-3 

5-4 70 

5-0 5-8 

4-2 5*8 

3-8 6-4 



C 

4-5 
5-7 
4-8 
4-7 
5-8 
5-0 
3-3 



C 

4-7 
4-0 
5-0 
4*8 
3-1 
4-6 
5-4 



3-5 x !<) rods 
Unfrozen 



T 
5-0 
5-1 
5-4 
5-2 
5-0 
5-5 
4-6 



T 

2-5 
3-8 
2-5 
3-9 
4-3 
4-1 
4-6 



C 

2-0 
3-0 
2-2 
3-7 
1-8 
2-8 
2-5 



C 

2-0 
3-8 
3-4 
3-4 
2*4 
2-2 
3-6 



3-5 



x 10* rods 
Frozen 



T 
50 

5-7 
5*6 
4-9 
5-7 
4-6 
50 



T 

4*5 
4-3 
3-4 
4O 
4-1 

4-2 
4.9 



C 

40 
3-7 
2*8 
3-5 
4-6 
4-2 
50 



C 

3-7 
4-3 
3-6 
4-2 
4-2 
3-8 
4-8 



> Tony Research Station panel scores of 4*5 and under = inedible, 10 ** fresh. 
Low Temperature Research Station, Cambridge panel scores of 4O and under < 



inedible, 9 very palatable. 
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attempting to find (1) the species or products more 
suitable for this treatment; (2) the maximum dose 
consistent with acceptable quality; and (3) the shelf life 
at temperatures between and 5C. In addition, in 
attempts to improve organolcptic properties and storage 
life, pasteurization is being combined in some instances 
with processes such as enzyme inactivation, e.g. by 
blanching at say 60 or 100C for 5 minutes; irradiation 
in the frozen state, and the addition of antibiotics, anti- 
oxidants or chemical protectors. 

Irradiation in the frozen state often substantially 
diminishes "off" odours and flavours. This is well 
illustrated in Table III for a variety of sea foods which 
were irradiated raw, frozen and unfrozen, at levels of 
0-5 and 3*5 M rads. In nearly every instance the frozen 
fish gave a more acceptable product, organoleptically, 
than the unfrozen ones. Blanching also allows the 
irradiation doses to be increased considerably (see 
Tables II and IV), without impairing acceptability; 
antibiotics combined with irradiation add considerably 
to shelf life (17, 34); while antioxidants not only retard 
the development of rancidity on storage, but also 
prevent to some extent the bleaching of the pigment in 
some species such as salmon (Farber, personal communi- 
cation). 

TABLE IV 



[from Bender, Miyuchi and Carver (4)] 


Species 


Raw fish fillets 
rads 


Blanched (140 F 
for 5 m//f.) 
fish fillets 
rads 


Cod . 
Pollack 
Butterftsh . 
Whiting . 


0-93 x 10* 
0-40 x 10 f 
0-70 x 10 
0-23 x 10 


1-86 x 10 g 
0-93 x 10 
1-86 x 10* 
0-93 x W 



Some of the data available on the extension of the shelf 
life of sea foods, through irradiation mainly at pasteur- 
izing levels and stored at chill temperatures, are given in 
Table V. It will be noted that the extensions range from 
7 days for pollack and ocean perch to over 215 days for 
"finnan baddies". It will also be noted that there are 
considerable differences in the results obtained with the 
same or similar species by the different laboratories. As 
mentioned earlier this seems almost certainly due to 
differing standards of acceptability used, which make 
proper comparisons difficult, if not impossible. 

The extensions of shelf life are due in large measure to 
reductions in bacterial loads as a result of irradiation 
(see, e.g. Table VI). Detailed analysis of the bacterial 
flora, both before and after irradiation and during storage 
at chill temperatures, seems to show that pasteurization 
not only reduces the load but also has a marked selective 
action in the various groups normally present (19, 34). 
In particular the pseudomonads, known to be active in 
fish spoilage, are virtually eliminated (34). 

212 



3. Nutritional ratoe 

(a) brtrtxtoction. As has been pointed out by Read 
(30, 31), Kraybell et al (IS) among others, the whole- 
someness of an irradiated food will depend not only on 
its nutritional adequacy, but also on its potential toxicity, 
the latter depending upon the formation of toxic or 
carcinogenic compounds during irradiation or upon 
induced radioactivity. It is now generally agreed that 
with the exposure likely to be used in food processing, 
there is no danger of foodstuffs becoming radioactive. 

At present a most intensive programme of research on 
the nutritional adequacy and potential toxicity of irradi- 
ated foods is being pursued in the U.S.A., involving over 
30 research organizations. The first results of some of 
this work are now being published, so that within the 
next few years we should be much better placed with 
regard to these problems than we are at present. 

It is not proposed in this paper to consider the data 
available regarding toxicity a subject lying outside the 
competency of the present writer. It could just be added, 
however, that from the data available relating specifically 
to sea foods there is no evidence that they contain any 
toxic products as a result of the irradiation process. 

Fish and other sea foods are important nutritionally 
in supplying protein; lipids; certain vitamins, such as 
A or D, thiamine, riboflavin; and minerals. It will be 
useful, therefore, to examine briefly the effect of irradia- 
tion on these individual components and then to consider 
the data available where the nutritional status has been 
examined by direct feeding experiment. 

(b) Proteins. Amino acids, in pure solution, are known 
to undergo deamination, decarboxylation, and the 
breaking of the benzene ring in acids, as trytophan, 
phenylalaninc and tyrosine (9, 26). In proteins, however, 
they appear to be protected from extensive radiation 
damage, although some of the changes they undergo 
may affect their biological value to a significant degree, 
particularly when a sensitive amino acid is limiting as, 
e.g. cystine in milk (30). Haddock muscle, irradiated at 
levels of 0*9, 2-7 and 5-7 M rads, and in which 10 amino 
acids (arginine, histidine, leucine, lysine, methionine, 
phenylalanine, threonine, tryptophan, valine and cystine) 
were estimated microbiologically before and after 
irradiation showed, with even the highest dose, losses of 
only 5-0-9-8 per cent (26). Similar results have been 
obtained with shrimp (39). The biological value of a 
number of other irradiated proteins, (beef, bean, milk, 
etc.) has shown little change as a result of irradiation 
(Fig. 2), certainly no greater than occurs on canning. 
Anyhow, as Read (30) points out, these small changes in 
the proteins would be masked during the feeding of a 
mixed diet of irradiated foods. 

(c) Lipids. Many of the more objectionable organo- 
lcptic changes in irradiated foods are said to occur in the 
lipid fraction mainly in the glyccride fats and oils (9); 
but the extent of these changes depends very much on 
the radiation sensitivity of the oil. Thus, Astrack et al. 
(3) found that while herring oil had merely bland, mild 
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TABLE V 
Storage life of irndtotion products *t drill tempmtara 



Authors 


Species 


Treatment during Irradiation Irradiation Doses 


Extension of Storage 
Ltfe 








Mrads 


days at 


P F 


Nickerson*fo/.(23) 


Haddock 
Haddock 


Fillets, in cellophane in air 
Fillets, frozen, vacuum 


0-6-0-7 
0-75 


42 
39-49 


34-40 
36-40 




Haddock 


Frozen, blanched 5 mins. 212F, vacuum 


0-75 


49-63 


36-40 


Boston Lab. Mass. 1 


Cod 


Fillets, raw 


0-25 


94 


35 




Cod 


Fillets, raw 


0-50 


31 


35 




Cod 


Fillets blanched 5 mins. 60C 


0-5 


118 


35 


Fish. Tech. SeatUe 1 


Pacific cod 


Fillets, raw, in cans in air unfrozen 


0-25 


56 


32 








0-75 


112 


32 








0-50 


108 


40 








0-20 


70 


35 








0-10 


46 


35 


Fish (Food Tech.) 1 


Pacific cod 


Fillets, raw 


0-46 or less 


42 


32-35 


Boston Lab. Mass. 


Pollack 


Fillets, raw 


0-25 


21 


35 








1-00 


7 


35 




Butter fish 


Fillets, raw-drawn 


0-25 


49 


35 








0-50 


49 


35 




Butter fish 


Fillets, blanched 


0-25 


38 


35 








0-50 


38 


35 








0-07 


38 


35-42 


Lerke, Farbcr and 


Sole 


Fillets, raw in can at C 


0-27 


21 




Huber (17) 












Fish. Tech. Seattle 1 


Petrale Sole 


Fillets, frozen 


0-25 


35 


35 








0-75 


70 


35 


MFP 


Ocean perch 


Fillets, frozen-vacuum 


0-75 


28 


36-40 






Fillets, frozen-blanched 


0-75 


7-56 


36-40 


Fish. Tech. Seattle 1 


Silver Salmon 


Steaks, frozen-vacuum 


0-25 


14 


40 


MIT 


Mackerel 


Steaks, frozen-cans-vacuum 


0-5-1-0 


35-56 


40 




Mackerel 


Steaks, blanched 5 mins. 2i2F frozen vacuum 


0-25-1-0 


77-128 


36 


Boston Lab. Mass. 1 


Finnan Haddie 


Fillet, skinned 


0-75 


215 


35 








1-50 


215 


35 




Kippered herring 


Whole 


0-25 


151 


35 








2-0 


141 


35 


Fish. Tech. Seattle 1 


Cod-fishsticks 


One cooked 


0-5 


56 


35 








1-2 


28 


75 


Boston Lab. Mass. 1 


Lobster meat 


Boiled tail and claw 


0-25 


166 


35 








0-50 


166 


35 


MIT 1 


Lobster Meat 


Cooked in polybags 


0-50 


28 


32-40 


College Park 


Crabmeat 


Cooked cakes, frozen 


0-5 


60 


35 




Crabmeat 


Picked frozen 


0-5 


60 


32 




Blue crab 
Oysters 


Cooked and picked 
Raw shucked 


0-75 
6-00 


90 
90 


35 
35 




Soft shelled clams 


Shucked 


0-50 


119 


35 








1-50 


119 


30 


Lerke, Farber and 


Cooked crabmeat 


In tin at 32F 


0-05-0-25 


271 


38 


Huber (17) 


and shrimp 










Amano and Yaitiada 


Tuna 


(Control Irradiated 


(2) 


Mackerel 


(Days at 2-4C) 




Sea bass 


Fillets in polythene unfrozen. Ord. temp, steamed 


Approx. 1 


0-10 


40-50 




Conger eel 












Plaice 












Prawn 


Peeled 




0-10 


10-20 




Squid 
Octopus 


> 




0-10 


0-10 




White dam 


Shelled 










Baby dim 
Oyster 


jSheUed 




0*10 


0-10 




Abalone 






0-10 


50 



1 All quoted by Proctor et al, (28) 
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TABLE VI 



Redaction in the bacterial k*d in fob mude Immediately after irradiation 

(expressed as Log No. per g. muscle) 

Unirradiated 



Reference 


Species offish 


controls 


0-1 


0-2 


After irradiation doses of 
0-25 0-4 0-5 0-6 


1-OMrads 


Shewan(35) 


Haddock Fillets 
Cod Fillets 
Cod Fillets 


5-5 
5-6 
6-3 


4-0 


2*0 


2-5 1-75 
2-7 2-0 


Sterile 








0-07 


0-J4 


After irradiation doses of 
0-25 0-46 0-50 1-0 


2-0 M rods 


MacLean and Welander (19) 


Cod Fillets 
Cod Fillets 


5-7 
6-5 


3-6 


2-6 


2-0 1-3 
1-7 0-7 


0-2 








0-1 


After irradiation doses of 
0<2 0-23 0-46 070 M rods 


Miyauchi (21b) . 


Cod Fillets 


5-7 


4-6 


3-0 


2-0 1-3 1-0 














After irradiation doses of 
0-25 1-0 2-0 M rods 




Miyauchi (21a) . 


Precooked breaded fish sticks 


2-4 






1-5 <1*0 <1-0 





lOO-i 



80 



i60- 



3 

O 
CD 



20 






PEA CORN BEEF LIMA BEAN WHEAT MILK 

| RAW UNTREATED I JHCAT TREATED 

||2 79 MEGARAD IRRADIATED (RAW) 

Fig. 2. Biological value of proteins treated with foot or Ionizing radiations [from Read (30) ] 



214 



Influence of Irradiation Preservation 



Reference 



Read (30) 



Thomas and 
Galloway (39) 



Food 



Bacon 

Beef 

Haddock 

Ham (fresh) 

Turkey 

Beef 

Milk (powdered) 

Peaches 

Shrimp 

Enzyme inactivated 
sealed cans under 
vacuum 



TABLE VII 

!MA 4* lBM^^*4t4Mk *Jt WM*M^M -* -* 

M TO VnMUBDOO OI fUHNM IOOOS 

Vitamin percentage destruction in food 



Thiamine 


Riboflavin 


Niacin 


2-79 


5-58 


2-79 


5-58 


2-79 


5-58 


Mrads 


Mrads 


Mrads 


Mrads 


Mrads 


Mrads 





93 


__ 


7 


_ 





76 


85 


5 


4 


2 


1 


68 


76 





4 


14 


9 


87 


96 








2 


2 


76 


77 


27 


50 


7 





52 


75 


14 


10 





10 














35 


20 


94 


98 








48 


56 



Pyridoxin 



Pantothenic 
acid 



Folic 
acid 



55-6 



5-0 



4-6 Mrads 

51-6 



87-5 



70 



33 



Boiled sealed in 61-6 
cans under vacuum 
Canned (not 72-0 
irradiated) 


37-3 
72-5 


81 65 33 
50 50 33 


Thiamine only 









0-2 0-5 1-0 


2-4 


4-0 


M rods (over Aft) 


Groniger, Tappel and 


Salmon 





54 


84 


97 




Knapp (8) 


Halibut 





86 


94 


100 






Tuna 





21 96 63 


89 


96 






Chicken 





39 


58 


83 






Pork 





61 


74 


89 





odours and flavours, cotton seed oil and caster oil had 
ketonic odours and burnt metallic flavours. Oxidative 
changes, generally believed to be the more important 
ones produced by irradiation, are acknowledged to be 
rather complex, involving polymerization, bond breakage, 
peroxide and carbonyl formation, and so on. As with 
proteins, in the natural foods the extent of these changes 
is smaller than might have been anticipated from pure 
studies. There is, however, some evidence to show that 
the rate of digestion of lipids is somewhat impaired by 
irradiation, but even so the net nutritive value appears 
to be little altered (30). In none of these experiments 
were fish fats or oils used, but, had they been, there is no 
reason to believe that the results would have been 
markedly different. 
(d) Vitamins. While proteins and fats appear to be 



little altered by irradiation, the situation is somewhat 
different with regard to vitamins. Most of the water 
soluble vitamins are quite radio-sensitive particularly 
in pure solution, thiamine being the most sensitive and 
niacin the least. However, the sensitivity of the vitamins 
to irradiation is considerably reduced in the foods 
themselves, presumably due to the presence of protective 
compounds. Moreover, the percentage reduction for any 
particular vitamin varies markedly from food to food 
(Table VII). 

From Table VII it will be noted that at sterilizing 
doses of 2 or more M rads, most of the thiamine is 
destroyed, particularly in sea foods ; indeed its destruction 
appears to be the greatest single change in nutritional 
value in the irradiation sterilization of meat and fish 
products. On the other hand riboflavin is comparatively 



Dosage in M rods 



0*216 

0-44 

1-04 

1*88 



Without 
antioxidant 



5-7 

8*7 

9-3 

11*5 



TABLE VIH 
[from HmU andOnhki (10)] 



N.D.G.A. 



3*0 
12*6 
12*5 
14-6 



Fish liver oil 

With antioxidant 
B.H.T. 



1*0 

2-2 

8*6 

15*9 



Vit.E 



M 

M 

7-4 

6*3 



Synthetic vit. A 
(alcohol in 
' olive oil) 



11-9 

19*6 

26*4 

36*1 



Synthetic vit. A 

(palmitate in 

olive oil) 



2*0 

9*1 
22*0 
22*5 
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stable although, as with thiamine, there are often large 
differences between individual foods. [Cf. beef and 
haddock (thiaminc) and turkey and haddock (riboflavin).] 
Niactn is generally more sensitive than riboflavin and, 
if the data for shrimp with regard to pyridoxine, panto- 
thenic acid and folic acid are at all typical for sea foods, 
these compounds also suffer considerable losses on 
irradiation. Recent results for beef, however, indicate 
that pyridoxine suffers only 25 per cent reduction, and 
niacin, folic acid and choline none at all. 

With regard to the fat soluble vitamins, they are 
generally more sensitive to irradiation than the majority 
of water soluble ones. Vitamin A and carotene are 
extremely sensitive both in pure solutions and in foods. 
Thus in milk 30 per cent of vitamins A and E are de- 
stroyed by 0*08 M rads, and 60*70 per cent by 0*5 M 
rads, although this destruction is somewhat less in butter 
and margarine (33). Twenty-five per cent of the toco- 
pherol in meat is destroyed at a dose of 4-8 M rads and 
any present in fish would probably suffer similar losses 
(5). However, some recent work with vitamin A in fish 
liver oil and synthetic vitamin A in olive oil (both in the 
ester and alcohol form) shows that up to 1 *9 M rads the 
vitamin A in fish liver oil suffers little loss (10) (Table 
VIII). It will also be noted from this table that various 
antioxidants offer some protection against irradiation 
damage. 

There appear to be no data available regarding the 
effect of irradiation on vitamin D in sea foods, some of 
which are particularly rich in this vitamin. But certain 
biological evidence with growing chicks would indicate 
that it also suffers some loss during irradiation (33). 

In general it may be concluded that irradiation (even 
at pasteurizing levels) may cause serious losses in the 
vitamins naturally occurring in foods, although these 
are no greater than occurs during canning (see Table IX). 
Such losses are not likely seriously to detract from the 
irradiation process as such, since they could be made 
good from suitable natural or artificial sources. 

TABLE DC 



Vitamin 

Thiamine 
Riboflavin 
Pyridoxin 
Niacin 
Choline 
Folic Acid 
Inotitol 
Vitamin A 
Vitamin 



of foods 

[from Read (30)] 

Percentage destruction 
Heat Irradiation (2-79 M rads) 

60-70 55-65 

18-22 6-10 

28-32 24-25 

30-35 0-14 

? 

35 

? 0-5 

20 31-70 1 



1 Dosage 0*44 M rads in dairy products 



important components of foodstuffs as a result of irradia- 
tion. It will be useful now to look at some of the data 
for the nutritional status of foodstuffs which have been 
examined by direct feeding experiments. 

As mentioned previously, some early writers have 
thrown some doubts on both the nutritional adequacy and 
wholesomeness of irradiated foods (14); and as a conse- 
quence a most extensive series of experiments is now 
going on in the U.S.A. using 24 foods, including at least 
four sea foods, viz. cod, salmon, tuna and shrimp (30). 

Some of the experimental work has yet to be completed ; 
but it is clear that, when all the data are published, a 
much clearer picture of the status and wholesomeness of 
irradiated foods will be available than hitherto. In some 
of this work the effect of irradiation on the nutritional 
value of proteins is being evaluated by the conventional 
methods of determining digestibility and biological 
value by the method of Mitchell (20), while the whole- 
someness is being assessed by the method described by 
Lehman and Laug (16). This involves long-term feeding 
of at least 3 species of animals one of which must not 
be a rodent with the determination of growth rate, 
reproductive capacity and histopathological examina- 
tion of major organs, blood, etc. 

Some of the more important facts that have now 
emerged from the already published data may be briefly 
summarized as follows: 

The metabolizablc energies derived from protein 
(casein), fat (lard), and carbohydrate (mixture of suc- 
rose, dextrin and starch in ratio of 2 : 8 : 1), in a diet 
irradiated at 3 M rads, measured individually and com- 
pared with the unirradiated control when fed to rats, 
showed no irradiation effect (Table X) (13), and other 
work confirms this view (31). 



Metabolizable 



TABLE X 
value following radiation treatment 



Casein 

Lard. 

Carbohydrate . 
(Mixture of Sucrose, 
starch and dextrose) 



[from Read (30)] 

Calories per g. 
Non-irradiated Irradiated (2-79 M rads) 

4*56 0-30 4-51 0-22 

8-82 0-31 8-87 0-39 

3-87 0-2 3-78 0-30 



(e) Feeding experiments. So far we have been dealing 
with the changes undergone by some of the nutritionally 



Similarly, the digestibilities of a number of foods, 
including beef, as measured by rat feeding trials, are not 
affected by irradiation (at a dose of 2*8 M rads). Of 
more direct interest are the growth results of feeding to 
rats 24 common dietary items, including salmon, shrimp 
and tuna irradiated at 3 and 6 M rads. In general, 
little or no difference has been found between the 
irradiated and control feeds and this was particularly so 
with the sea foods (38). 

In another series of tests (18), beef, pork, tuna fish 
and chicken stew were fed over a 2-3 year period to dogs, 
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WEEKS ON EXPERIMENT 




WEEKS ON EXPERIMENT 

1 I- 



WEEKS ON EXPERIMENT 



WEEKS ON EXPERIMENT 




20 40 60' 80 100 120 80 40 SO KX) 

Fig. 3. Growth curves of dogs fed irradiated meats [from McCoy Rumsey (18)]. A: Beef, B: Pork, C: Chicken stew, D: Tuna fish. 



during which their growth rates, health and reproductive 
performances were determined. The tuna and other 
meats were irradiated at approximately 3 and 6 M rads, 
and were then incorporated into the diet at levels of up 
to 35 per cent of the dry matter. The feeds were also 
vitamin supplemented. Figure 3 shows growth curves 
for beef and tuna which indicate no difference between 
controls and irradiated samples. The blood counts in 
both control and treated animals were very similar, and 
the reproductive performance (at least on pork, chicken 
and tuna) was unimpaired. Further results now available 
for cod and shrimp fed to rats and for shrimp and tuna 
fish fed to dogs have shown that irradiation at approxi- 
mately 3 and 6 M rads has no adverse effect on the growth, 
reproduction, life span and disease incidence of these 
animals (30). Finally human feeding trials, both short and 
long term, involving 54 irradiated foods including meat, 
fish (cod and haddock, salmon, shrimp and tuna), 



vegetables, fruits and cereals which had already passed 
toxicity tests in animate, are now under way with the 
first results just coming to hand (25). So far as fish are 
concerned, these were irradiated as follows: cod, shrimp 
and tuna at 4 M rads and haddock, salmon, shrimp and 
tuna at 3 M rads. 

The results of the short-term feeding of diets consisting 
of 100 per cent irradiated foods for periods of 15 days 
in a series of seven tests showed no evidence of toxic 
effect either by chemical examination or laboratory tests. 

From all the data now available it may generally be 
concluded that the nutritional alterations which foods, 
and in particular sea foods, undergo, even with steri- 
lizing doses are, apart from the vitamins, comparatively 
small. The vitamin losses, important though these are, 
could obviously be made good in the usual way and 
hence are not likely to detract from irradiation as a 
method of food processing. 
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TWs picture has nothing to do with imdiadcm and the research work done cm it, but it does serw 

painstakingly accurate and dedicated activity of the scientist and chemist in seeking out all pertinent facts relating to fish and fish 
fife/As a matter of fact, it is the laboratory on board the British reieaich vessel ffcwrftf^^ 

seeking out the haunts of nth on which information the operator, processor and scientist can later carry on their work. Steady 

research on similar lines is done by other fishing countries. 
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THE EFFECT OF STORAGE IN REFRIGERATED SEAWATER 
ON THE AMINO ACIDS AND OTHER COMPONENTS OF FISH 

by 
EDWARD COHEN and JOHN PETERS 

The fishing industry has long been in need of better ways of preserving the fresh qualities of fish. Much of the quality-loss results 
' - - - ^ 'a method that shows considerable 



from improper king both aboard the vessel and ashore. Holding the catch in refrigerated sea water is 

promise for maintaining freshness, both aboard ship and at the shore plant. Since this is a relatively new technique, and little is known of the 
effect of storage in refrigerated sea water on the various components of fish flesh, investigations were made to determine the changes in the 
amino acid, protein, moisture, fat, ash, sodium, potassium, and chloride content of whiting (Merluccius bilinearis) when stored in refrigerated 
sea water and in ice. 

For the comparative tests reported in this paper, 500 Ib. of freshly caught whiting were stored in refrigerated sea water at 30F, 
and 300 Ib. of whiting were stored in flake ice at 32F. Periodically, organoleptic tests were conducted on the raw and cooked fish; and 
samples of the flesh were analysed for proximate composition, and amino acid, sodium, potassium, and chloride content. 

The results of the organoleptic evaluation of the raw fish show little difference between those stored in refrigerated sea water and those 
stored in ice. The ratings of the cooked fish, however, show a consistent preference of the panel for the whiting stored in refrigerated sea 
water. 

The results of the proximate, sodium, potassium, and chloride analyses on whiting stored in refrigerated sea water show gains in 
ash, sodium, and chloride ; losses in fat and potassium ; and no changes in protein and moisture (Table I). During iced storage there is a gain 
in moisture; losses in proteta, fat, ash, potassium, and chloride; and no change in sodium. 

The results of the amino acid analyses conducted during this test show that no significant change occurred in the majority of amino 
acids during storage of the fish in refrigerated sea water or in ice. On the 13th day of storage, significant amounts of methionine sulfoxide 
were found. 

There was a simultaneous decrease in methionine in both samples. 

L'EFFET DE L'ENTREPOSAGE DANS L'EAU DE MER REFRIGERES SUR LES AMINO-ACIDES ET LES 

AUTRES COMPOSANTS DU POISSON 

L'industrie de la peche a reclame dcpuis tongtemps de methodes superieures pour conserver au poisson ses qualites de fralcheur 
Une grandc pan de la deterioration de la qualitc resulte d'une mise en glace defectueuse a la fois en bateau et & tern. L'entreposage de la 
peche dans 1 eau de mer refri^eree est une methode extitmemcnt prometteuse pour en maintenir la fralcheur a bord du navire et dans les 
installations a terre. Comme d s'agit d'une technique rclativement nouveUe, et qu'on sait peu de choses en cc qui concerne 1'effet de I'entre- 
posage en eau de mer refrigerec sur les divers compotants de la chair de poisson, on a dfectue des recherches pour preciscr les modifications 
qui interviennent dans la teneur en amino-acides, en proteines, en eau, en graisses, en cendres, en sodium, en potassium et en chlorures du 
merlan (Merluccius bttinearis) loraqu'on 1'entrepose dans 1'eau de mer refrigeree et dans la glace. 

Dans les essais comparatifs decrits dans cet article, 500 livres de merlan capture fratche ont ete entreposees dans de 1'eau de mer 
refrig6iee*30T(~l.ira,et300^ On a effectue des tests perdiodiques sur le poisson brut et 

cuit, et Ton a analyse des ccnantillons de chair pour leur composition immediate et pour leur teneur en amino-acides, en sodium, en potassium 
et en chlorure. 

Les resuhats de revaluation organoleptiques des poissons touts montrent peu de differences entre ceux qui sont entrepot dans 
de 1'eau de mer refrigercc et ceux qui sont entreposes sous glace. 

Let resuhats de 1'analysc immediate du sodium, du potassium et des chlorures effectuee sur le merlan entrepot dans 1'eau de mer 
iefrig6ree montrent des augmentations dans les teneurs en cendres, en sodium et en chlorures, des pertes en graisses et en potassium, mais 
aucune variation darn ksteneurs en proteines et en eau (Tableau!). Durant 1'entreposage sous glace, ily aeu une augmentation de la teneur 
en eau, des pertes en proteines, en graisses, en cendres, en potassium et en chlorure, et aucune variation dans la teneur en sodium. 

Les risultats des analyses des amino-acides effectuees durant cet essai ont montre qu'il n'y a pas de modifications significatives dans 
la plupart des amino-acides durant Fentreposage du poisson dans 1'eau de mer ou dans la glace. On a trouve, au bout du 13""* jour 
d'entreposage, des quantities notables de sulfoxyde de methionine. 

II y avait une diminution simultanee de la methionine dans les deux series d'echantillon. 

EFECTO QUE EL ALMACENAMIENTO EN AOUA DE MAR REFRIGERADA TIENE EN LOS AMINOACIDOS 

Y OTROS COMPONENTES DEL PESCADO 

La industrial pesquera necesita desde hace mucho tiempo mejores metodos para mantener la frescura del pescado. La mayor parte 
de la perdida de calidad se debe a un inadecuado almacenamiento en nielo a bordo y en tierra. El almacenamiento de la capture en agua de 
mar refrigerada ofrece grandes posibilidades para mantener la freacura del pescado, tanto en el barco como en los establecimientos en tierra. 
Como esta es una tecmca relativamente nueva y se sabe muy pooo del efecto que el almacenamiento en agua de mar refrigerada tiene en los 
divenos componentes de la came del pescado, se realizaron investigackmes para determinar los cambios en los aminoftcidos, proteinas, 
humedad* grasa, ceaiza, sodio, potasio y doruros que contiene la merhiza americana (Merluccius bilintaris) cuando se almacena en agua de 
mar refrigerada y en hieto. 

rfti*losenwosGomtmtivosiiiei&^ 

mar refrigerada a 30F(~ l,lrQ,y3001b.enhidk>encoposa32F(0Q. Beriddteainenteseiiideronensayosorganoie^ 
crudo y cocido, y tmMstras de k canie se imalizaroD pam d 
ycloruros. 

Los resultados de la determinaci6n organoteptica de pescado crudo arrojan poca diferencia entre el almaccnado en agua de mar 
refrigerada yen hieto; pero la puntuacion del pescado cocido demuestra que el jurado prefirid constantemente la meiiuza almacenada en 
agua de mar i "' 



Los resultadot de los analisis aproximados de sodio, poUsioydoniro en merluza americana almacenada en ag^ 
miiestranaiiinentosdeceQiza, sodio ydora^ Durantc el almacen- 

amiento en hido aumenta la humcdad ; disminuyen las protdnas, grasa, ceniza, potasio y doniros ; no cambia el sodio. 
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Los resultados de lot anAlisis de amino*ctdo realizados durante cl ensayo dcmuestran que no < 
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16-68 0-28 


80-73 0-13 


1-35 


0-04 


1-07 


0-05 


99-80 


80 4 


347 26 


0-149 0-013 


7 


Refrigerated 


16-48 0-04 


80-31 0-11 


0-475 


0-03 


1-47 


0-06 


98-70 


324 16 


280 


0-484 0-008 
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Ice . 


15-36 0-14 


83-30 0-04 


0-400 


0-08 


0-844 


0-061 


99-90 


89 2 


215 12 


0-108 0-022 


13 


Refrigerated 


16-51 0-01 


81 -17 0-21 


0-13 


0-08 


1-59 


0-02 


99-40 


347 12 


222 9 


0-539 0-030 




sea water 























13 



Ice 



15-17 0*07 83-51 0-09 0-08 0-04 0-82 0-02 99*58 72 2 216 1 0-094 0-016 




Refrigeration is playing a great part in the development of aU fisheries both pricr to 

In tropkal areas particuUrly it is valued. In this picture shore refrigeration by plate freezing of shrimps is adding to India's export 



wealth. 
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PASTEURIZATION A METHOD OF EXTENDING 
STORAGE LIFE OF SHELL FISH MEATS 

by 
C F. DUNKER and G. W. WHARTON 

The hypothesis to be tested was that, by use of pasteurization, the normal storage life of freshly prepared shell fish meats stored at 
35F mifiht be extended many fold. Pasteurization, as used in this investigation, is the process of using relatively mild heat treatments in the 
destruction of the "spoilage organisms", which normally restrict refrigerated (35F) shelf life of shell fish meats to 10 days or two weeks. 
Pasteurization retains much of the original fresh flavor and appearance. 

Freshly picked crabmeat. shucked oysters, shucked dams, crabcakes and lobster meats, can be stored at 35F for 1 to 2 weeks before 
deteriorating organotoptically and bacteriologicaUy. Proper pasteurization techniques can extend this storage life from 3 months to over 1 
year, at 35F storage temperature. J. V. Anzulovic and R. J. Reedy (1948) (1954) extended the storage life of crabmeat to 6 months, by 
bringing the internal temperature of the crabmeat to 170F for 1 minute. G. Clifford Byrd (1951) patented a pasteurization process, using 
171-210F internal temperatures, after which crabmeat could be held at 38F from 1 to 12 months. The Seafood Processing Laboratory ex- 
tended the observations on crabmeat, and also applied pasteurization to other seafoods. The general technique used was to seal the shell 
fish meat hermetically in a tin can, place the can into the heating medium until the internal temperature of the product reached 17Q-227F 
for 1 to 5 minutes, rapidly cool to 100F, and store at 35F. Fresh and pasteurized stored samples were tested for organoleptic and bacterio- 
logical quality* Properly handled freshly picked crabmeat, pasteurized at the Seafood Processing Laboratory from 170 to 185F internal 
temperature for 1 minute, retained high quality from 8 months to over one year at 35F. Recent tests indicate that, under carefully controlled 
conditions, crabmeat heated to 227F will retain its quality well over 6 months when stored at 35F. Tests to 12 months are still progressing. 

Raw oysters, heated rapidly to 227F and cooled, lost their fresh raw flavor. However, by heating from 140-150F from 30 to 60 
minutes, the oysters retained much of their raw characteristics and stored well for 2 months at 35F. 

Soft dams (maninose), heated to 185F even for 5 minutes, spoiled after several weeks* storage at 35F. However, when pasteurized 
to 227F for 5 minutes and to 250F for 4 minutes, the maninose retained high quality during storage for more than 3 months at 35F. Tests 
are continuing. 

Crabcake mix, pasteurized to 185F for 5 minutes retained quality well, when stored at 35F for 3 months. Longer storage life seems 
highly probable. 

Lobster meat was pasteurized to 1 85F for 5 minutes, and also to 227 for 5 minutes. Both sets of samples were in excellent condition 
after 35F storage for 3 months. Many more months of shelf life apparently was possible. 4, 6, 9 and 12 months storage tests are scheduled. 

The conclusions to be drawn from these tests are that pasteurization of shell fish meats greatly extends normal shelf life at 35F 
storage (Table I). The product quality after pasteurization is much more like the fresh product than if the products were frozen or processed 
at high temperature over extended periods of time (commercially sterilized). 



LA PASTEURISATION METHODE POUR ETENDRE LA DUREE DE CONSERVATION DES CHAIRS DE 

CRUSTACES ET COQUILLAGES 

On a cherch* ft verifier 1'hypothese selon laquellela pasteurisation peutetendre de plusieurs fois la duree de conservation de chairs 
de crusUcef et coquillages fratehcment preparees et entrepotees ft 35F (1,7C). La pasteurisation, telle qu'elle a 6t employee dans cette 
etude, est Ie prooWe, qui consiste ft utilizer des traitemcnts thermiques rdativement moderes pour detrulre tos "organismes d'alteration" 
qui rettreignent generakment ft 10 ou 15 jours la dur6e de conservation en etageres sous froid (35F). La pasteurisation conserve aux 
produits la plus grande part de tour saveur et de leur aspect d'origine. 

La chair de crabes fraidwtnent captures, tos huitres et autres coquillages ccailtos, tos miettes de crabes et la chair de homard ou de 
langouste peuvcnt tee entrcposes ft 35F durant 1 ft 2 semaincs mvant de presenter une deterioration organotoptique et bactfaiologique. Des 
techniques de pasteurisation adaptees peuvtnt etendrc oette duree de conservation de 3 mois jusqu'ft Ian ft la temperature de 35*F. J. V. 
Anzulovic et R. J. Reedy (1 948) (1 954) ontporte la duree de conservation de la chair de crabe ft 6 mois, en amenant sa temperature interne ft 
170F (76,7*0 pendant une minute. O. diffbrd Byrd (1951) a brevet* un procede de pasteurisation utilisant des temperature* internes de 
171-2107 (77-99C) t ft la suite duquel la chair de crabe pouvait dtre gardee ft 38F (3,3Q durant 1 ft 12 mois* La Seafood Processing 
Laboratory a dtvetappe tos observations sur la chair de crabe, et a appliqi* tgatoment la pasteurisation ft d'autres aliments d'origine marine. 
La technique gfofeato utiHtee consisUit ft scdkr hernrftiquetnent la chair de crustace ou de coquHlage dans une boltede conserve, de placer 
cette botte dans im miHeu de chauffiwjusqu^ 



de la refroidir rapidement ft 100T (35,8'Q et de I'entrcpoaer ft 35F. On contrdkit la qualitf organ oleptiquc et bactfriotogique d'fchantfflons 
frais et pasteurise*. La chair de crabe ftifchement capture, convenabtoment manipuJe, pasteurist au Seafood Processing Laboratory ft la 
temperature interne de 170 ft 185F (76,7 ft 85Q pendant 1 minute, conservait sea criteres de haute qualitede 8 mois jusqu'ft 1 an ft 35F. 
Des essais rtcents ont montre que, sous des conditions soigneusement contrWes, la chair de crabe chaufiM ft 227T conservait bien sa 
qualit* jusqu'ft 6 mois sous 35T. Deft essais ft 12 mois tont encore en court. 

Lea huitres cruet, chauffec* rapidement ft 227F et refroidies, perdent tour savour de frafcheur naturelte. Cepeodant, chauflee entre 
140 et 150^ (60 ft 65,6X9 durant 30 ft 60 min^ 
moisft35 F. 

La soft-dam (maninote) chaufltt ft 185F durant 5 minutes s'altere apres plusieurs semaines d*entnpoMge ft 35F. Cependant, 
pasteurisers ft 227F_pendtnt 5 mtnutet, et ft 250F (121 ,1Q pendant 4 minutes, U maninose conserve une haute quaHtedui^ 
d'entrcposage ft 35F. Lea essais se poorsurvent 

Le melanfe de miettcs de crabe ("crabcake mix"), pasteuris* ft 185F pendant 5 minutes conserve Wen sa qualit* durant 3 mois 
d'entreposage ft 35*R n semble trts probable qu'onpuisse obtenk de plus lcigi^ durc de coti^rvation. 

Uchakde homard aMpasteuriafa A Les deux groupes d'echan- 

tMitenooncUticmeMdtoiitesai^ n sembto que la conservation durtnt de nomGux autres 



mois soit possible. Des essais d'entreposage de quatre, six, neuf et douze mois sont prevus. 

Let condusions qu'on peut tircr de ces essais soot que la pasteurisation des chairs de ooquillaget et crustaces etend largeroent tour 
duree decoMervation sous froid enetag^es ft 35Taabto^ Uqualit* du produit apres jwwterisation est Wen plus temblabto ft odk 
du produit frais qu'avec une congelation ou un tnutement ft haute tempcmture et de durte ctendue (cat de la sterilisation industrielto). 
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Pasteurization of Shellfish Meat 

LA PASTERIZACION: METODO PARA PROLONGAR LA DURACION EN ALMACEN DE CARNE DE 

MARISCOS 

Sc trataba de vcriflcar la hfodtesis segun la cual la pasterizatidn puedc prolongar varias veces la duracidn de carne dc mariscos 
reden prqparada y almaoenada a 35F (17Q. La pasterizacidn, tal ooroo te ha onpleado en este cstudio, comiste en cmplear tratamtentos 
termicot relativamente moderados para destruir los organismos de la deterioracidn que normalmcntc reduoen a 10 6 15 dias la duracidn en 
ahnaoen a 35F. Con la pasterizacidn ae conserva gran partc del aspccto y sabor frescos originales. 

Carne de cangrejo rccien extraida, ostras y almejas dcsconchadas, pastelillos de carne de cangrejo y carne de bogavante pueden 
ahnacenane a 35F de una a dos temanas antes de que se presente la deterioracidn organoleptica y bacterioldgica. Las tecnicas de pasted* 
zad6n adaptadas pueden prolongar esta duracidn en almaccn desde 3 meses a mas de 1 afto a la tempcratura de 35F. J. V. Anzulovic y 
R. J. Reedy (1948) (1954) prolongaron la duracidn en almacen de carne cangrejo hasta 6 meses, etevando la temperature interna de la carne a 
170F (76,7Q durante 1 minuto. O. Clifford Byrd (1951) patentd un prccedimiento de pasterizacidn que emplea temperaturas interaas de 
171-210F (77-99Q, despues del cual la carne de cangrejo puedc mantenerse a 38F (3,3 6 Q de 1 a 12 meses. El Seafood Processing Labora- 
tory amplid las observationes sobre la carne de cangrejo y aplicd igualmente la pasterizacidn a otros alimentos de origen marine. La tecnica 

" " , poncr esta en un medio de calentamiento hasta que la 



temperatura interna del producto akanzaba de 170 a 227F (76,7 a 108Q durante 1 a 5 minutes, enfriarla r&pidamente a 100F (37,8C) y 
almacenarla a 35F. Se detennind la calidad organoleptica y bacterioldgica de muestras frescas y almacenadas. La carne de cangrejo recten 




se almacena a 35F. Se haccn todavia ensayos de 12 meses de duracidn. 

Las ostras crudas, calentadas ripidamente a 227F y enfriadas, perdieron su sabor fresco natural; pero calcntandolas de 140 a 150F 
(60 a 75,7Q de 30 a 60 minutos conscrvaban gran parte de su sabor caractcristico natural y se conscrvaban bien durante 2 meses a 35F. 

Las almejas de concha blanda (maninose), calentadas a 185F durante 5 minutos, se echaban a perder despues de varias semanas de 
almacenamiento a 35F; pero cuando se pasterizaban a 227F durante 5 minutos, y a 250F (121, 1Q durante 4 minutos, conscrvaban una alta 
calidad durante mas de 3 meses de almacenamiento a 35F. Continuan los ensayos. 

Las mezclas para preparar pastelillos de cangrejo pasterizadas a 185F durante 5 minutos conservan bien la calidad cuando se 
almacenan a 35F durante 3 meses. Parece ser muy probable que se logre una mayor duracidn en almacen. 

La carne de bogavante se pasterizd a 185F durante 5 minutos, y a 227F per el mismo tiempo. Ambos grupos de muestras estaban 
en cxcellentes condiciones tras un almacenamiento de 3 meses a 35F. Parece ser posible la conservacidn durante muchos mas meses. Se 
preparan ensayos de 4, 6, 9 y 12 meses de almacenamiento. 

Las conclusiones que se pueden sacar de estos ensayos son que la pastertocidn de la carne de mariscos prolonga mucho su duracidn 
en almacen a 35F (Tabla I). La calidad del producto despues del a jj^sterizaddn se parece mucho mas a la del fresco que si se hubicra 
congclado o tratado a temperaturas elevadas o durante mucho tiempo Cesterilizacidn industrial). 

TABLE! 



Type of Pasteurization Storage life Storage Itfe 

product (internal temp.) unpasteurized pasteurized 

C Months Months 

Crabmcat T7-85 J-J 6-24 

dam meat 108 i 4 

Oyster meat 60-66 i 2 

Lobster meat 108 * 4 

Crabcakemix 85 i 4 
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ON TOUGHNESS OF BOILED FISH MEAT 

by 
TOYO-O TAKAHASHI 

Histologkal and physical properties offish meat boiled in water and in solutions of certain chemicals were studied in order to deter- 
mine the causes of different degrees of toughness developed in different fish meat on boiling. Attempts were also made to soften boiled squid 
meat which had gone tough. No significant differences were found, either before or after boiling, in inter-fibrillar spaces in the meat of fish 
which developed different degrees of toughness on boiling. Non-myosin content bore direct relation to the degree of touahness, while the 
opposite was true of the water content. On boiling, the non-myosin coagulated and filled in the inter-flbrillar spaces, thereby increasing the 
cohesion of the muscle fibers. Treatment with pyrophosphate solution prior to boiling rendered the meat leas tough, but reduced the inter- 
fibiillar spaces. Stress in squid muscle, when heated in water, rose abruptly at 50C and continued to rise with increasing temperature; the 
process could be reversed a few times. The stress fell when the muscle was heated or cooled a few times in 0*1 M /J-napthalene sulphonate 
or 10 M urea solution. Compared with boiling in water, the rate of increase in stress in the muscle was the same when boiled in /^naphtha- 
lene sulphonate, but less steep when boiled in urea. When boiled squid meat was subsequently boiled in urea (10 M) or alkaline (pH 10) 
solution at 100C for an hour, the breaking strength (F) along the muscle fibers decreased while the extension (E) increased, both considerably. 
When treated the same way with acids, F was entirely lost; upon boiling in 0*01 M lactic acid, E remained almost constant, while F decreased. 
Similar treatment in 0-001 M hydrochloric acid increased F, but decreased E to some extent. It is suggested that squid meat possesses a 
three-dimensional network, as does rubber, and that the physiochemical characters of the joints of the chains are different from that of the 
linkage held by the chains, and that these chains and linkages are affected differently by different chemical reagents. 

AU SUJET DE LA DURETE DE LA CHAIR BOUILLIE DE POISSON 

On a EtudiE les propriEtEs histologiques et physiques de la chair de poisson bpuillie dans 1'eau et dans certaines solutions chimiques, 
afin de prcciser les causes des divers degres de durcissement qui se dEveloppent dans diverses chairs de poisson lorsqu'on les fait bouillir. On 
a Egalement tentE de rcndrc plus tendre du calmar qui, bouilii, Etait devenu coriacc. On n'a pas trouvE de differences significatives avant et 
aprEs Ebullition dans les cspaces intcr-fibrillaires de la chair de poisson, qui prEsentait un durcissement de degrE divers lorsqu'on 1'avait fait 
bouillir. La teneur de la fraction autre que la myosine est en relation diroctc, et la teneur en eau en relation inverse, avcc la depE de durcis- 
sement. A I'Ebullition, la fraction autre que la myosine se coagule et remplit les espaccs inter-fibrillaires, entralnant une cohesion plus forte 
des fibres musculaires. Un traitement avec du pyrophosphate en solution avant Ebullition a rendu ie muscle moins coriace, mais a reduit les 
espaccs inter-fibrillaires. La contraction dans le muscle de calmar chauffE dans de 1'eau augmcntc brutalement, lorsqu'on arrive a 50C et 
continue & augmenter avec I'accroissement de temperature ; le processus peut 6tre renversE plusieurs fois durant quelques minutes. La contrac- 
tion diminue quand le muscle a 6t6 alternativement chauff6 et refroidi & quelques reprises dans du sulfbnatc de 1-naphtalEne 0,1 M ou de le 
solution d'urte 10 M. Pour I'EbuUition dans le sulfonate de 0-naphtalEne, le taux d'accroissemcnt de la contraction du muscle Etait identique 
pour 1'Ebullition dans 1'eau; mais, pour 1'Ebullition dans 1'urEe, ce taux Etait moins fort. Quand la chair de calmar bouillie Etait ensuite 
soumise a une Ebullition dans 1'urEe (10 M) ou dans une solution alcaline (pH 10) a 100C durant 1 heure, la resistance a la rupture (F) des 
fibres musculaircs dEcroissait, tandis qu'augmentait leur coefficient d'extension (E), tous deux d'une fa^on considErable. Pour des fibres 
traitEes de la mEme maniEre dans I'acide, F devenait nul; et pour une Ebullition dans une solution lactiquc a 0,01 M, E rcstait approximative- 
ment constant tandis que F dEcroissait. Un traitemcnt similaire dans de I'acide chlorhydrique tres diluE a 0,001 M augmcntait F, mais dimi- 
nuait E dans une ccrtainc mesure. 

On peut croire que la chair de calmar prEsente une texture tri-dimensionnelle comme le caoutchouc, et que les caractEres physico- 
chimiques des liaisons entre chatnes sont diffErents de ceux des liaisons internes des chalnes, et que ces chalncs et ces liaisons sont diffEremment 
affectEes par les divers agents chimiques. 

SOBRE LA DUREZA DE LA CARNE DE PESCADO HERVIDA 

Se estudiaron las propiedades histoldgicas y fisicas de carne de pescado hervida en agua y en soluciones de diyersas substancias 
quimicas, para determinar las causas de los diferentes grados de dureza que se presenta en la de pescados distintos al hervirlos. TambiEn se 
trat6 de ablandar carne de calamar hervida que se habia endurecido. No se observaron diferencias de importancia antes o despuEs de hervir 
en los espacios interfibrilares del pescado que se endureci6 en distintos grados al hervirlo. La ausencia de miosina estaba en relacidn directa 
con el grado de dureza, en tanto que ocurria lo contrario con el contcmdo de agua. El tratamiento con una soluci6n de pirofosfato antes de 
hervir hacia la carne menos dura, pero rcducia los espacios interfibrilares. La tensi6n en el tejido muscular del calamar calentado en agua 
aumentd r&pidamente al llegar a 50C y sigui6 aumentando con el incremento de la temperatura. El proceso podia alterarse, algunes vezes 
durante unos pocos minutos. La tensi6n disminuia cuando la carne de calamar se calentaba o enfriaba varias veces en una soluci6n de 
jtaaftaleno sulfonato 0,1 M o de urea 10 M. En comparaci6n con la ebullici6n en agua, la velocidad de aumento de la tensi6n era igual 
cuando sehervia en 0-naftaleno sulfonato, pero menos intensa cuando se hervia en urea. Cuando la carne de calamar hervida se hervia de 
nuevo en urea (10 M) o solution akalina dc pH 10 a 100C durante 1 hora, la resistencia a la rotura (F) a lo largo de las fibres musculares 
decreda, en tanto que la extension (E) aumentaba, ambas considerablemente. Cuando se trataba de la misma manera con acido, F se perdla 
por completo. Al hervir en solucion lactica 0,10 M, E se mantenia casi constante en tanto que F disminuia. El tratamiento analogo en Acido 
doridrico 0,001 M aumentaba F, pero reduda en cierto grado E. Se sugiere que la carne de calamar posee una reticuladdn de tres dimensiones 
como el caucho, y que las caracteristicas fisicoquimicas de los puntos de uni6n de las cadenas son diferentes de los eslabones que formen y 
que tanto en las cadenas como los eslabones influyen de manera distinta los reactivos quimicos diferentes. 
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Toughness of Boiled Fish Meat 



Species 

Thwmus orientals 

(Blucfin tuna) 
Katsuwonus varans 

(Skipjack) 
Auxis tapetnosoma 

(Frigate mackerel) 
Kareius bicoloratus 

(A kind of flat fish) 
Litnanda aspera 

(A kind of flat fish) 
Tneratra cnalcosramma 

(Alaskan polfick) 
Trachipterus ishikawai 

(King of the herrings) 

1 At 100C, for 30 minutes. 



Water-contents in 
bottePmeat 


Contents 
Water 


65*0-68-0 


74-7-76-0 


67-1 


71-8 


70-1 


72-9 



81 -4, 82-1 



85-6 



83*3, 83-1 



90-7 



Fat 

0-05 
0*4 

0-3 
0-1 



Behaviour of boiled Contents of non-myosin 
meat fraction in fresh meat 

7-01, 10-11 



Tough 



Soft 



7-38, 8-70 
11*25 

2-37 

3*25, 3*62 
2*32, 2-62 

2-38 




While the scientist it 
fish, these ho 



concerned about the nutritive value and portability of boikd 
> de Janeiro in Brazil are more concerned to have some fish to 
boil. They have a nice selection on a street market stall from which to choose. 



F.K I 
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FISH SAUSAGE IN JAPAN 

by 
MINORU OKADA 

The fish sausage industry has grown rapidly in Japan dining the last 10 yean. The estimated production in 1960 was 72,000 tons. 
In addition to its excellent eating qualities, fish sausage has the special advantage in that it keeps well for over one month even at 30C. In 
the present paper the author gives an outline of the processing technique* and results of his experiments on the requirements for the manu- 
facture of h?gh quality fish sausage. 

Meat of such fish as tuna, martin, shark, and whate, mixed with starch, salt (the main additive), spices, seasonings, liquid smoke, 

- ' nisi 



fat, pdyirfiosrtiates and chemical preservative*, is 6^ The resulting emulsion is encased in rubber hydroddoride 

or pofyvmylidefie chloride film, and cooked in water at 90-95C for 50-60 minutes. Good quality fish sausage contains from 10-1 8 per cent 
protein, 3-10 per cent fat, 60-70 per cent water, the remaining portion being comprised of starch and other additives. 

The quality of fish sausage prepared from meat of different fish varies greatly. Marlin meat gels the best. The jelly-forming capacity 
offish flesh is generally the same for all fish immediately after death: during storage this capacity falls at varying rates for different species of 
fish. Polyphosphates added pr**i*yr stow down the rate of fall in the jelly-forming capacity during storage. Best elasticity results when the 
muscle protein is well dissolved. The salt concentration of about 3 per cent and pH of 6*5-7 produce the best elastic jelly. Polyphosphates 
enhance elasticity by facilitating dissolution of the myosin. 

The jelly strength usually increases with the nse of cooking temperature; with some meat the highestflohesiveness is obtained by cook- 
ing below 50C. Cooking by two stages, namely, first at 45-50C, and then at above 85C, is more eroctBbr 8^ elasticity and preserva- 

Considerable bacteriological research on the keeping quality of fish sausage has been, and is, currently underway at the author's 
laboratory. 



LA SAUCISSE DE POISSON AU JAPON 

L'industrie de la saucisse de poisson s'est de* vdoppte rapidement au Japon au cours des dix dernieres annexes. La production estime* e 
en 1960 a ete de 72,000 tonnes. En plus de ses excellentes qualites a la consommation, la saucisse de poisson prcscnte 1'avantage particuh'er 
de pouvoir 6tre conserved correctcment durant un mois, mftme & 30C. Dans le present article, 1'auteur donne un aper^u sur les methodes de 
preparation et sur les r&ultats de ses propres experiences en ce qui concerne les exigences de fabrication pour obtenir une saucisse de poisson 
de haute qualite* . 

La chair des poissons tds que le thon, le voilier, le requin et la baleine, melange^ avec de la fecule, du sel (Tadditif principal), des 
Apices, des assaisonnements, de la "fum6e Iknude", des graisses, des polyphosphates et des agents chimiques de preservation, est nnement 
broyec dans des mortienpuittants. L'emulskm rtsultante est enfermee sous pdUcule de caoutchouc chlott ou dechlorure de polyvinyle, et 
cuit dans deFeau a 90-95C durant 50 a 60 minutes. La saucisse de poisson de bonne qualite contient de 10 & 18% de prottines, 3 a 10% 
de graisses, 60 a 70% d'eau, le solde oomprenant la fecule et ks autres additift, 

La qualit6 de la saucisse de poisson varle beaucoup scion la chair des divers poissons employes. La chair de voilier est celle qui 
gtlifie le mieux. Le pouvoir de gdificatkm de la chair de poisson est g6n6ralement le mtenc pour tous les poissons imm6diatement apres leur 
mort; die diminue durant rentrepotage d'une fa^on different* sdon les espcces. Les polyphosphates ajoute* avant la rigor mortis contre- 
carrent ccttc diminution du pouvoir de gtiificatton au cours de 1'entreposage. On obtient la meillcure eiasticite lorsque les prate* ines muscu- 
laires sont bien dissoutes. Une concentration en sd de 3 % environ et un pH de 6,5 a 7 donnent la getee la plus eiastique. Les polyphosphates 
augmentent 1'eiasticite en facilitant la dissolution de la myostoe. 

La cohesion de la gette augmente d'habitude avec raocroissement de la temperature de cuisson, mais avec quelques chairs de poisson 
la plus haute cohesion s'obttent par une cuistott a une temperature infetieure & 50C Une cuisson a deux etages de temperature, soit d'abord 
a 45-50C et ensuite au-dessus de 95%, est plus efficace pour fournir une bonne elasticity et une bonne conservation. 

Une importante sine de recherches bacteriologiquct concernant les qualities de conservation de la saucisse de poisson ont tit 
effectuees et se poursuivent normatement au laboratoire de 1'auteur. 



LOS EMBUTIDOS DE PESCADO EN EL JAPON 

La industria de los embutidos de pescado se ha desarrollado ripidaraente en d Japon en los ttttimos 10 afios. La producci6n de 
1960 se estim6 en 72,000 tons. Aderaas de sus excelentes calidades de consumo, el embutido de peacado tiene la ventaia especial de que se 
conserva bicn durante un mes, incluso a 30C. En eate artlcuk) d autor bosqueja los metodos de preparacion y los resuftados de sus investi- 
gadones sobre las ncccsidades indispensaUes para producir embutidos de pescado de gran calidad. 

Ctaicdepece*coiiK>atuB ( pezvda,ytibur6iiyd 

humo liquido, grasa, potifosfctos y agentes oonservadoits qulnuoos, y se pica finame^ La emulsion resuttante se 

embute en caucho dorado o cloruro de poUvinilideno, y se cuece en aaua a 90-^5*C <k 50 a 60 minutos. El embutido de pesotdo de 
buena calidad contienede 10 a 18%dcprotefna: 3 a 10% de gnita; 60 a 70% dea^ua, y dresto to forman d almid6n y los otros aditivos. 

La calidad de m cmbutidos de pescado varia mucho segun la carne de fits especies em^eadas. La del pcz vela es k que mejor 
gelifica. lAcapacidadctofmcardeltcapieddpflScadoM 

d almacenamiento ditminuye de manera dktinta segun las especies, Los polifosfotot adtokmodos antes de li rigor mortis reducen esta dis- 
minucion de la capacidad 4e gdificatita dunnte d almacenamiento. Se logm la mayor dastiddad cuando la protdna dd tejido muscular 
esta Wen disuelta. VMWOBinteii^ Los polifosfatos aumentan la 

dastiddad al fadlitar la dkohidiiideUioiosina, 

?Uoohesi6ndekjakauittMtaoondfaKycincnto 



se obtiene codendo a menos de 50C. Una cocci6n en dos partes, por ejemplo, primero a 45-50C y despuds a mas de 85C 9 esmaseficaz 
para lograruna buena estabitldad y conservaddn. 

En d kboratorio del witor se ha realinuk) y se ligue realizando uaa importante aerie de mvestigadonca bacterio!6gicas sobre d 
mantcoimiento de la calidad de los embutidos de pescado. 
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TABLE I 



(Figures in per cent) 

Vabm Moisture 

Maximum 71*5 
Mean 68-5 

Minimum 61*3 

'Ash coniiits mainly of sodium chloride. 



Protein 


Fat 


Starch 


Sugar 


Ash 1 


18-2 


3-2 


10*4 


2-4 


3*4 


15-2 


5-9 


6-3 


1*6 


2*6 


10-7 


2-7 


3-0 


0-5 


2-0 




a- lead is bcint followed 
evolving new products 



While Japan h developed tec 

by other countries. Canada, in particular, has shown i _ . 

through processing. Interest attaches to a product closely similar to the Japanese fish 
sausage, namely fish wetoers. The basic procedure as described in Canadian Trade News, 
May 1962, is to take chunks of frozen fillets of varied species offish, mince than to a pulp 
in a grinder and blend according to a precise formula with fat, spices, water and a cereal 
binder. The homogenized product is then stuffed into animal or cellulose casings and tied 
off in links. Chains of these links are smoked according to a ore-determined schedule 
following which they are cooked in water and chilled, illustration shows the Canadian 
operator with a batch of weiners loosely hung on a steel frame ready for insertion into 

the smoking tunnel. 



EFFECT OF SEVERAL PROCESSING VARIABLES ON THE 
PROTEIN CONTENT AND QUALITY OF FISH FLOUR 

by 

C. H. KURTZMAN, D. O. SNYDER, L. E. OUSTERHOUT, F. T. PISKUR and 

P. F. BRAUCHER 

Chemical analyses and rat and chick bioassavs were conducted to determine whether it was the varieties in methods of processing, 
or between different portions of the fish (whole fish, fillet, or gurry) utilized in processing, which cause differences in the content or quality of 
the protein of fish flour. A single catch of ocean perch was processed or separated into whole fish, fish fillets, and fillet wastes. Samples of 
each of these were processed into flours by two different methods. 

Considerable differences in proximate composition were obtained when the various samples were analysed by standard procedures. 
Protein content ranged from 72*9 to $4-6 per cent; fat content ranged from 0*0 to 0-8 pa- cent; ash content ranged from 0-3 to 21 -8 per cent; 
and moisture content ranged from 0*2 to 5*7 per cent. The differences can be related both to methods of processing and to part of the fish 
utilized in processing. 

In the rat bioassay, mean gains in weight were obtained and protein efficiency ratios were calculated for groups of male and female 
rats, and estimated gains of the rats of each group were computed from a multiple regression analysis. Mean apparent digestibilities of the 
calculated protein consumed by individual rats were determined. Results indicate that there are differences in the protein quality of various 
fish flours, due primarily to differences in utilization rather than to apparent digestibility of the protein. 

In the chick bioassay, mean gains in weight were obtained and protein efficiency ratios were calcuVfed for groups of male chicks. 
Results here also indicate differences in the protein quality of the various fish flours. 

The relative ranking of the fish flours tested in terms of protein quality is virtually reversed when chicks rather than rats are used as 
the test animals. However, with both animals the method of processing utilized in preparing the fish flours appears to be a primary contri- 
buting factor, while the portion of the fish used appears to be a secondary contributing factor in explaining the differences in protein quality 
observed. In spite of dine^ces in protein quality, all the flours tested can be considered to be of good or excellent quality when compared to 
controls of casein for rats and soybean oil meal for chicks. 

Research was conducted: Technological Laboratory, College Park, Maryland, Bureau Commercial Fisheries, U.S. Dept. of the 
Interior; College of Home Economics, University of Maryland. 

EFFETS DE PLUSIEURS VARIABLES DE TRAITEMENT SUR LA TENEUR EN PROTEINES ET LA 
QUALITE DE LA FARINE ALIMENTAIRE DE POISSON 

DCS analyses chtmkjues et des essais biologiques sur rat et sur poulet ont 6t6 effectuts pour savoir si c'etait les variables de la me" thode 
de traitement, ou celks des portions du poisson utilises dans le traitement (poisson entier, filets ou d6chets), qui amcnaicnt des differences 
en quantity dans les proteines de la farine alimentaire de poisson. Des ch&vres provenant d'une seule ptehe ont 6t6 traitees ou s6par4es en 
poissons entiers, filets de poisson et dfchets de filetage. Des fchantillons de chaque categoric ont M transformed en farine alimentaire par 
deux methodes differentes. 

On a trouve des divergences considerables dans la composition immediate en analysant les divers tehantillons suivant des modes 
optratoires normalises. La teneur en proteines variait de 72.9 It 94,6%: celle en graisses de 0,0 a 0,8 %; celle en cendres de 0,3 a 21,8 % et 
celle en eau de 0,2 a 5,7%. Ces differences peuvent etre attributes & la fois & la methode de traitement et & la partie du poisson soumise au 
traitement. 

Dans les essais biologiques sur rat, on a mesurt les gains moyens en poids et cakutt les rapports d'efficacite proteique sur des groupes 
de rats mAles et femelks; et on a calcuie les gains estim6s des rats de chaque groupe par une analyse de regression multiple. On a determine 
les digestibilites moyennes apparentes des proteines cakukes qu f a consomme individuelkment chaque rat. Les resultats montrent qu'il y a 
des differences dans la qualite proteique des diverse* farines de poissons, et que ccs differences sont d'abord provoquees par des differences 
dans Tutilisation des proteines plutot que par leur digestibilite apparente. 

Dans les essais biologiques sur poulet, on a mcsurt les gains moyens en poids et cakuk les rapports d'efficacite proteique sur des 
groupes de poulets males, Les resultats montrent egaiement ici des differences dans la qualite proteique des diverses farines alimentaires de 
poisson. 

L'ordre relatif des farines alimentaires de poisson, eprouve sur la base de la qualite proteique, est virtuellement renverse quand on 
utilise comme sujets d'epreuve des poulets au lieu de rats. Cependant, avec ces deux especes d'animaux, la methode de traitement utilisee 
pour preparer les farines alimentaires de poisson paratt 6tre le facteur principal, et la portion de poisson utilisee le facteur secondaire, pour 
expliquer les differences ofaservees dans la qualite proteique. 

En depit de differences dans la qualite proteique, toutes les farines alimentaires essayees peuvent toe considerees de bonne ou 
d'excellente qualite par comparison avec des rations-temoins de caseine pour ks rats et de farine de tourteau de soja pour les poukts. 

EFECTO DE DIVERSAS VARIABLES DE LA ELABORACION EN EL CONTENIDO DE PROTEINAS Y 

CAUDAD DE LA HARINA DE PESCADO 

Se realizaron analisis quimicot y ensayos bkddraos con ratas y polio* pant determinar si las variables de los procedimientos de 
elaboraci6n o de las paries del pescado (pescado entero, fiktes o dcsechos) empkados en el tratamiento producen diferencia en el contenido o 
caltdad de la protefna de la harina de peicado. La gallineta procedente de un solo lance se dabor6 o se separ6 en pescado entero, fiktes o 
desechos de fiktes. Con muestras de cada dase se prepararon harinas por do roetodos diferentcs. 

Se encontraron diferencias considerables en la composition aproximada cuando las diversas muettras se analizaron segun los 
procedimientos normaks. El contenido de proteina vario de 72,9 a 94,6%; el de grasa, de 0,0 a 0,8%; el de ceniza, de 0,3 a 21,8; y el de 
humedad, de 0,2 a 5,7 %. Estas difaendas pueden atribuine tanto al metodo de tratamiento como a la parte del pescado empkada en la 
elaboration. 

En los ensayos bk>16gkos con ratas, se mklkfon los promedios de los aumentos de peso y tecafcukron las rdaciones de eficatia de 
la proteina para grupoe de ratas macho y hembra, y los aumentos ettimados para las rates de cada grupo se deterainaron por un analitis de 
regresion multiple. Se determinaron las digestibiUdadet aperentes madias de la proteina calculada como comumida individualmcnte por las 
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lx resuhados kwikan quc exkten difeiwKm 

diferenciai en utilization de las protdnai mis bin auc a tu dlgcstibiUdad aparoite. 

En JM ensayot bio!6^cot ooo poIkM te midier^ 
pant grupos de polio* macho. Lot resultados muesttan igualmcntc que existen diferencias en la calidad de la protdna de las diversas 

_lordcn relative de las harinas de pescado cnsayadas, basado en la calidad de la protefna, se trastoca virtualmente cuando se usan 
polios, en vcz de ratas, como animates de ensavo. Sin embargo, con ambos animates el procedimiento de claboracidn empleado en la pre- 
paration de las harinas de pescado parece ser el factor principal, en tanto que la parte del pescado empleada parece ser un factor secundario 
para explicar las diferencias observadas en la calidad de la proteina. A pesar de las diferencias de la calidad de la protefna, todas las harinas 
ensayadas pueden oonsiderane como de calidad buena o excelente cuando se comparan con testigos de caseina para ratas y de harina de 
torta de soja para polios. 




View of one of the laboratories maintained in S. Africa in connection with the development of fish 
meal and fish flour on which a great deal of valuable pioneering and practical research work in 
relation both to human and stock nutrition has been done. This is essentially a field where the 
chemist plays a pre-eminently important rote seconded by the support necessarily given by the pro- 
duction engineer in designing methods which will perfect techniques for utilizing fish resources. 

5. African Govt. Photo. 
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NUTRITIONAL AND CHEMICAL CHANGES IN THE LIPID FRACTION 
OF STORED ANn-OXTOANT-TREATED AND UNTREATED HERRING 

MEALS 

by 
B. E. MARCH, J. BIELY, F. CLAGGETT and H. L. A. TARR 

For over a decade collaborative research under contracts has been conducted between the three senior authors, and has resulted 
.cation of well over 20 papers concerning such varied topics as effect of heat on availability of essential amino acids and nutritional 
value of herring meal protein, vitamin and "UGr" studies, and an investigation of gel formation in solubles, and other problems. Since these 
researches have continually shown that herring meal, as normally produced, is a comparatively stable material in its ability to provide high- 
quality protein, and that in this respect it differs considerably from meals produced from some sardine species and from menhaden, our 
current investigations are largely concerned with the lipid fraction of stored herring meals (extracted with chloroform-methanol 2 : 1). 

Strangely enough, little appears to be known regarding the nutritional availability of the lipid fraction of "fatty" fish meals. This 
fraction often accounts tor over 10 per cent of the weight of herring meals, and is of course very unstable. Completed investigations (March 
et al., J. Amer. Oil Chem. Soc. 38, 80, 1961, and submitted for publication) have revealed the following interesting results concerning the 
nutritive value of the lipid fraction: 

(1) Storage of herring meals at -20C results in a more rapid decrease in ethyl ether extrac^ble lipid and in iodine values than does 
storage at 25-5G When fed at a 10 per cent level in a basal ration containing wheat, corn, soybean meal and fish meal, the extracted lipid 
fraction from - 20C stored meal was less efficiently utilized than that from 25-5C stored meal (storage up to 1 1 months). 

(2) Addition of finely divided BHT antioxidant (0-15 per cent) resulted in herring meal from which the lipid fraction was more 
readily extracted after long storage, and which had higher iodine values. However, though in vitro pepsin digestibility was somewhat higher 
with the antioxidant-treated meals, this treatment did not improve the value of the meals as suppliers of nutritionally available protein for 
chick growth. 

(3) At a 10 per cent dietary level the lipid fraction of herring meals stored for 1 1 months did not have adverse effects on growth, 
provided the ration was well fortified with vitamins. The lipid extracts in almost all instances improved efficiency of feed utilization, but not 
so well as did ordinary herring oil. The extracts from antioxidant-treated meals were utilized a little more efficiently than those from untreated 
meals. Roughly 10 per cent of unextractabk lipid remained in stored untreated meals, and data indicate this is not utilized nutritionally. 

A detailed report is available as: Circular No. 25, Technological Station, Fisheries Research Board of Canada, Vancouver 8, B.C. 

CHANGEMENTS D'ORDRE NUTRITIF ET CHIMIQUE DE LA FRACTION LIPIDIQUE DANS LES 
FARINES BRUTES DE HARENG TRAITEES ET NON TRAITEES AUX ANTIOXYDANTS 

Des recherches collaboratives ont 6t conduites sous contrats depuis plus d'une decade par les trois principaux autcurs, et elles se sont 
traduites par la publication de plus de 20 articles aux sitfets aussi varies que les effets de la chaleur sur la disponibilit* en amino-acides essentiels 
et la valeur nutritive des proteines de farine brute de poisson, que les vitamines et les f.c.n.i. (facteurs de croissance non identifies), que la 
formation de gel dans les soluhilises, et autres problemes. Etant donnt que ces recherches ont constamment montre que la farine brute de 
hareng de fabrication normak est un produit raativement fidek, quant a sa capacite de fournir des prottincs de haute qualite, et qu'il differe 
quelque peu 4 cet egard des farines brutes obtenues depuis certaines especcs de sardines ou depuis te menhaden, nos etudes courantes ont 
porte pour la plupart sur la fraction lipidique des farines brutes de hareng entreposte (fraction extraite au chloroforme methanole a 2:1). 

II semble assez etranae qu'on ne sembte savoir que si peu de chose sur r importance alimentaire de la fraction lipidique des farines 
brutes "grasses" de poisson. Cette fraction intervient souvent pour plus de 10% dans icpoids des farines brutes de hareng, et elle est (bien 
entendu) tres instabto. Des recherches completes (March el a/., /. Anur. Oil Chem. Sac, 38, 80, 1961 et en cours de publication) ont apporte 
les resultats interessants suivants au ttriet de la valeur nutritive de la fraction lipidique: 

(1) L'entreposage des farines brutes de hareng 4 20C se traduit par une diminution plus rapide de la tencur en lipides extractibles 
et de rindice d'iode qu'un entreposage a 25,5C. Fournk au taux de 10% dans une ration alimentaire de base oontenant du bte, du mals, 
de la farine de soja et de la farine brute de poisson, la fraction lipidique extraite d'une farine entreposee a -20C se montrait moins efficace 
que cellc d'une farine entreposee 4 25,5C (entreposage atteignant 11 mois). 

(2) L'addition de rantioxydant HTB finement divise (a 0,15 %) se traduisait par une farine brute de hareng dans laquelk la fraction 
lipidique s'extrayait plus facikraent apres un kmg entreposage et qui prtentait des indices d'iode plus haut. Cependant, quoique la digest!- 
bilit6 des pepsines in vitro fttt quelque peu plus haute (buns les farines traitees 4 1'antioxydant, ce traitement n'ameliorait pas leur valeur pour 
fournir des prottines nutritkranelkment uules 4 la croissance des poukts. 

(3) Au taux alimentaire de 10%, la fraction lipidique des farines brutes de hareng entreposte pendant 11 mois ne presentait pas 
d'effcts contraires sur la croissance, pourvu que la ration fftt bien renforcee en vitamines. Les extraits lipidiques dans presque tous les cas 
an^U oraitl'efficactotel' utilisation & Les extraits de farines brutes traitees 
aux antioxydants talent utilise** d'une facon ttgferemem moins efficace que ceux des farines non traitees. II restait dans les farines non 
traitees entreposte 10%, en gros, de lipides non extractibles, et les donates indiquent qu'ih ne sont pas utilisables sur le plan nutritif. 

Un rapport detaille est public oorame: Circular No. 25, Technological Station, Fisheries Research Board of Canada, Vancouver 8, B.C. 

CAMBIOS NUTRITIVOS Y QUIMICOS EN LA FRACCION UPTOICA EN HARINAS DE 
ARENQUE TRATADOS CON ANTIOXIDANTE Y SIN TRATAR 

Desde hace mas de 10 afios los tres autores principales ban realizado bajo contrato y en colaboracion investigaciones que han dado 
por raultado la publication de mas de 20 internes relativos a temas tan diversos cotao efecto del cator en la disponibflidad de amino acidos 
esendato y d valor nutritivo de la proteina de harinade arenque, vitaminas y factons de credmiento no identincados, una investigation de 
la formation de aeks en solubles, y varios otros proWemai. Cocao estas investigacione* han demostrado oonstantemente que la harina de 
arenque que sefabricanonnalmcntetienc una capiu^^ 

es alto difcrcnte de las harinas fabricadas con algtmas espedes de tardinas y menhaden, auettros inveatittciones actuates se circunscriben 
pnndpahnente a la fraction lipfdica de harinas de arenque simacenadat (extractados doroformo-metanoll : 1). 
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For exiraflo Que parezca, so mbf muy pooo dc la _ 

graso. Con frtcuenda a esta fraccibn corretponde mat del fO% del peso de las harinas de atenque y es'muy inettable. Investigacibnes 
comptetadas ya (March ctal.>J. Amtr. Oil Ckcm. Soc. 36, 80. 1961 y presentadas para su publication) ban tevelaao los interosantes resultados 
concernientc* al valor nutritive de la fracci6n lipidica que sgguen: 

(1) Almaoenar las harinas de arenque a 20C produce una disminuci6n mas ripida en los lipidos extractables con eter etflico y 
en los indites de yodo que el almaoenanriento a 20C. Cuando la harina ahnaoenada a 20C se adiciona en proportion de un 10% a una 
ration btsica que contenga trigo, maiz, harina de soja y harina de pescado, la fracti6n lipidica extractada no se aprovecha tan eficazmente 
oomo la de la harina ulnutcflnftdfl a 2S,5C (en fllmaocTi hasta 1 1 meses). 

(2) Mediante la adici6n (0,15%) del antioxidantc HTB finamente dividido se obtuvo una harina de arenque de la que la fraction 
Upldicaseextarctabamasffttiimentet^ Sin embargo, aunque la digestibilidad 
de la pepstna in vitro era algo mayor en las harinas tratadas con el antkwddantc, el tratamiento no mejoraba el valor de las harinas como 
fuentes de protein* disponibic nutritivamente para el crecimiento de polios* 

(3) En la proporci6n de un 10% de la alimentation, la fraccibn lipidica de harinas de arenque almaccnadas 11 meses no tenia efectos 
~1es en el crecimknto, a rescrva de que la ration se fortificase bien con vitaminas. En cast todos los cases los cxtractos lipidicos 

i el aprovechamicnto del alimento, pero no tanto como el accitc de arenque corriente. Los extractos de harinas tratadas con anti- 
i se aprovcchaban un poco mas cficazmcntc que los de harinas no tratadas. Aproximadamente un 10% de lipidos inextractables 
quedaban en las harinas no tratadas almarenadan, pero los datos indican que no se utiliza en la nutricidn. 

El informe dctallado se ha pubiicado como: Circular No. 25, Technological Station, Fisheries Research Board of Canada, Vancouver 8, 
B.C. 




DISCUSSION 

DR. O. R. BRAEKKAN (Norway): 

There seems to be an error in the thiamin content reported 

for raw and cooked fish in Table HI of Bramsnaes* paper. It 

is important to use the greatest care in employing chlorinated 

solvents, since the residue may damage liver tissues. This 

problem needs to be considered in any research using fish 

meal. 

MR. F. BRAMSNAES (Denmark): It may be that the reported 

data do not take into account the presence of thiaminase. 

On DR. CUTTING'S paper, DR. B. C. GUHA (India) asked: Have 
any attempts been made to cut down the losses of nutritive 
material, which may be as high as 75 per cent under the 
traditional method of processing fish? If this otherwise lost 
material could be recovered for fish meal production, if not 
human food, a great loss would be eliminated. Increased fish 
consumption would be thus promoted. 
DR. C. L. CUTTING (U.K.): Fish waste is high in nutritive 
value; but with present methods recovery of these nutrients is 
not economical. In reference to dried fish, insect contamina- 
tion resulted in loss of nutritive value. It is important not to 
eliminate traditional products in countries where they have 
been successfully evolved and fit in with the received pattern 
of nutrition. But fish technologists can contribute to the 
formation of standards of processing and products to reduce 
wastage and to improve quality, prevent adulteration, mini- 
mize insect infestation, etc. 

DR. . HESS (U.K.) : It is difficult to compare the quantities of 
fish available for consumption in different countries in the 
absence of information on the technological losses in handling 
and processing of various products. It is difficult in developing 
countries, where fish may be landed in relatively small 
quantities in scattered fishing centres, to make use of such 
technological losses (including offal) where fish meal produc- 
tion is uneconomical (fish silage, fermented products, etc.). 

On DR. AMANO'S paper, DR. M. M. A. KADER (U.A.R.) 
objected: The terms "putrifaction" and "fermentation" need 
to be clarified. 

DR. C. L. CUTTING (U.K.): Although fermented products are 
high in ammonia content, nevertheless people in South-east 
Asia are in fact consuming this food; it would therefore be 
unwise to change the title of the paper to putrifaction. 
DR. K. AMANO (Japan): It must be borne in mind that 
fermentation also results from enzymatic action, not only from 
microbiological decomposition. 



DR. R. SINNHUBER (U.S. A.): Has Dr. Amano found histamine 
in fermented fish products? 

DR. K. AMANO (Japan) : There is some evidence that histamine 
is formed in certain fermented and dried fish, such as tuna. 
DR. A. J. VAN VEEN (FAO) : The amounts of histamine in dried 
tuna can sometimes be very great. But almost all fermented 
products contain at least small quantities of histamine. 
DR. N. B. THANH (Viet-Nam): Fish sauce is made of fresh 
fitt which are subject to autolytic action. Though fermented, 
the product is rich in amino acids. The bacteria are not 
pathogenic; they are in fact beneficial. In Viet-Nam there are 
regulations concerning the processing of fermented products. 
DR. C. L. CUTTING (U.K.): It is better to have "half the fish 
than nothing at all". It is true that new methods are needed to 
improve the quality and handling offish; nevertheless, we have 
'to work with what we have for the present. Perhaps if we add 
spices, we might make a more desirable or acceptable product. 
DR. E. HESS (U.K.) : More information is needed on the losses 
which result from handling or processing, especially in 
developing countries. The quantity of fish consumed in these 
countries is usually small, chiefly because their fishing ports 
or landing stations are widely scattered, and transport is both 
scarce and expensive. It is important to reduce further losses 
which may occur through technological processing. 
DR. K. K. P. N. RAO (FAO): Estimates of consumption 
should certainly take into account losses or wastage of fish 
supplies in processing or in transport, in addition to the 
amount of food actually consumed. This is already done in 
the case of FAO Food Balance Sheets, which form the basis 
for the data which I shall be presenting later on in my paper 
under Part III. I note that in the introduction to Dr. 
Amano's paper it was said that the nutritive contribution of 
fermented fish products to the diets of the people in the Far 
East is significant. White this is true, the actual contribution 
is not very much; in most of the Far Eastern countries it is 
even less than the example quoted for Viet-Nam. Therefore, 
it would be very useful if the nutritive value of such produce 
could be increased, so that a greater contribution of nutrients 
might be made to the diets. Dr. Amano's views on the possi- 
bilities in this direction would be appreciated. 
DR. K. AMANO (Japan): In my view no significant increase 
could be made in the consumption of fermented fish; accepta- 
bility is limited by their salt content. Application of refrigera- 
tion and other technological improvements would be neces- 
sary if the consumption of fishery products were to be 
increased. 
PROF. A. M. LEROY (France): It is generally recognized that 
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processing certain fish sauces leads to losses IB amino acids; 
nevertheless, these fermented products do provide protein 
for people who urgently need it We must keep in mind the 
seasoning effect of fish autolysates in the Far East, whose 
mam object is to encourage the consumption of rice in con- 
siderable quantities. Although this effect is obtained at the 
cost of amino acids in the raw material which is used (notably 
of lysine and mcthioninc), it none the less justifies the large- 
scale use of these products. Indeed it might be well worth 
studying their manufacturing with a view to perfecting the 
process in order to reduce the degree of loss. The use of fish 
autolysates in animal feeding has enabled us to demonstrate 
by a series of tests the stimulating effect of these products on 
the animals* appetites. 

DR. C. L. CUTTING (U.K.): Much can be done to improve the 
quality of these fermented products through the application of 
modern technology. People in the Far East are already setting 
up standards for the salt, ammonia, and nitrogen content of 
these products. 

On DR. MORRISON'S paper, DR. G. M. DREOSTI (South Africa) 
observed; The product discussed in Morrison's paper was not 
really fish flour, because it was produced by using a high- 
pressure hexane extraction method which damaged the pro- 
tein. Studies on FIRI fish flour show that it possesses a 
biological value of 80-85 per cent, depending on samples 
used. Universally good results in reducing malnutrition have 
been obtained by using FIRI fish flour. 
DR. K. J. CARPENTER (U.K.): The low figure of 29 for the 
NPU value of fish flour gives the wrong impression. The 
flour was probably a commercial meal which would not be 
suitable for human consumption. The use of sustained heat 
to remove residual chlorinated hydrocarbons, employed in 
azeotropic drying, may cause more damage to the protein than 
would occur if other solvent drying methods, requiring only a 
flash high temperature drying, were employed. 
DR. A. B. MORRISON (Canada) : Flour produced by chloroform 
flotation is not toxic when fed at low protein levels, but is toxic 
at high levels. 

On DR. SHEWAN'S paper, DR. R. SINNHUBER (U.S.A.) asked: 
Am I to understand that crab meat can be satisfactorily 
irradiated at levels of 4-5-5*0 megarads? One megarad is the 
limit for Pacific crab meat. Possibly high vacuum or low 
temperatures might allow treatment at higher levels of mega- 
rads. These techniques are limited, because enzyme inactiva- 
tion has to be accomplished by heating. Another problem is 
the lack of a suitable container. Irradiation, rather than 
toluene, may be a useful tool to study autolysis. Irradiated 
products should be compared with canned rather than with 
fresh products. 

DR. O. R. BRAEKKAN (Norway): Niacin is destroyed by 
irradiation; I am curious to know what happens to the amino 
acids. 

DR. J. M. SHEWAN (U.K.): According to current reports on 
essential amino acids, the maximum destruction is 10 per cent. 
PROF. A. M. LEROY (France): If heavier levels of irradiation 
are used, it might be possible to stabilize offal for use in 
animal feeding. 

DR. G. BonosTRdM (U.S.A.): Better results could be obtained 
by lowering the temperature of the irradiated product to 
30F, just short of freezing. It is necessary to treat most of 
the figures which are published on the effect of "radio- 
pasteurization" with some reserve, for they often give a 



rather exaggerated account of the efficacy of this process: this 

is particularly true of the treatment of sea food, with its 

dominant psychrophili flora. 

DR. J. M. SHEWAN (U.K.): The first thing to determine was 

whether the public would in fact prefer irradiated fish to fresh 

fish. My own panels have found that fish irradiated at levels 

above 2*5 megarads are not acceptable. 

DR. R. SINNHUBER (U.S.A.): Whilst certain fish could indeed 

be irradiated at high levels, yet other fishery products do not 

stand up very well when this technique is used. 

DR. H. S. OLCOTT (U.S. A.) : Will Dr. Shewan comment on the 

oxidation of lipids resulting from irradiation? 

DR. J. M. SHEWAN (U.K. ): There are indeed certain oxidative 

changes in the lipids, but their importance is unknown. It 

would seem that a change in taste and smell of fish originates 

in their fatty portions. 

DR. H. S. OLCOTT (U.S. A.): Would Dr. Morrison say whether 

there was any difference in the level of lysine between the two 

methods of solvent extraction which he had described, and 

what was the difference in toxicity between flour prepared with 

cthylene dichloride and flour prepared with chloroform? 

DR. A. B. MORRISON (Canada): On the average, iso-propaoal 

extraction gives 25 per cent higher lysine than the dther 

method; I regret that I have no information on the toricity of 

ethylene dichloride. S' 

On DR. PETERS' paper, DR. F. A. L. BRAMSTEDT (Germany) 
remarked : In some of my work mcthionine sulfoxide has been 
found to occur only irregularly. This suggested that its 
occurrence may require the presence of some specific microbial 
flora. Has Dr. Peters noticed any regular occurrence of 
methioninc sulfoxide? 

DR. J. A. PETERS (U.S.A.): I have tested for methionine sul- 
foxide in only one series, and for one species. In this case it 
occurred only at the later stages of spoilage. 

On MRS. KURTZMAN'S paper, MR. H. LOREDO (Mexico) 
intervened to say : In Mexico, fish meal is made from the heads 
and legs of shrimps, and commands a good market. This 
product, however, contains a considerable quantity of chitin, 
which has inferior nutritive value. But this is of little conse- 
quence, since it is used mostly for spicing. Is it possible that 
the fish flour mentioned by Dr. Kurtzman, which has high 
protein content, has some chitin in it? 
MRS. C. KURTZMAN (U.S.A.): None of our fish flour is made 
from crustaceans and therefore no chitin is ever present. We 
did carry out digestibility work on some of our samples using 
rats as test animals. A value for apparent digestibility was 
found which did not vary much from one sample to the other. 
In earlier work, however, when shark fish flour, which con- 
tained urea, was tested, a somewhat lower value was found. 
MR. F. BRAMSNAES (Denmark): I am much surprised that 
the bone protein should be thought to be equal to flesh pro- 
tein, especially since the flour made from the whole fish was 
of lower protein quality than that from which the bone was 
absent. 

MRS. C. KURTZMAN (U.S.A.): pur investigations showed no 
statistically significant decrease in quality of the bone proteins. 

On DR. OKADA'S paper, DR. C. L. CUTTING (U.K.) observed: 
I have myself tasted Japanese fish sausage and found it 
excellent. I wonder whether the preservative "nitrofurane" 
had to be added, or whether it might be eliminated by the use 
of better handling conditions in the plant. What should be 
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the shelf life of the fish sausage in winter and summer, with 
and without refrigeration, and with or without preservative? 
DR. M. OKADA (Japan): It should first be understood that, 
whereas regulations in Japan permit the use of nitrofurane as 
a preservative, we are certainly not suggesting that this preser- 
vative should be used in countries in which such approval has 
not been made. The sanitary conditions in our fish sausage 
plants are quite good. Without refrigeration the storage life 
offish sausage is about one week in winter, and about 3-4 days 
in summer if a preservative is not employed. When refrigera- 
tion is used, the storage life is 2-3 weeks. Use of refrigeration 
is not practical in our country, because so many of our retail 
outlets do not have refrigeration facilities. Therefore, at least 
in the summer, preservatives are necessary. 

DR. R. KREUZER (FAO): Fish sausage in Japan is made in 
a similar way to meat sausage in Germany and other coun- 
tries, and has a keeping time similar to meat sausage. In 
countries where preservatives are not permitted, fish sausage 
has to be kept under refrigeration like meat sausage. It is 
possible however to make a fish sausage in salami style which 
keeps well for a considerable time without preservatives or 
refrigeration. So far as I was able to observe, sanitary and 
handling conditions in the new Japanese fish sausage factories 
were excellent. The raw material used was of good quality 
also. I strongly recommend this type of product as a means of 
bringing fish protein to the people. I believe that it is possible 
to keep the price within the lower ranges of purchasing power. 
MR. R. FINCH (U.S.A.): Sausage made from tuna keeps for 
2-3 weeks with refrigeration. This is comparable with meat 
sausage. Tuna sausage can also be kept for longer periods of 
time by freezing. With frozen sausage, however, rancidity is 



a problem, and antioxidants may have to be used. I should 
like to know whether, during mixing of fish sausage in Japan, 
refrigeration with ice or otherwise was used. 
DR. M. OKADA (Japan): In some plants cooling with ice was 
usual during the mixing process. 

Summary 

In summing up the discussion DR. R. KREUZER (FAO) drew 
attention to the need for technological data concerning hand- 
ling, storage, processing, and distribution offish, especially in 
tropical countries where the use of such data will give imme- 
diate results. Such work should provide data to improve 
traditional methods of fish utilization and stimulate product 
development, with or without modern equipment. 

Moreover, in most of the countries under consideration, 
there is a need for skilled persons to organize and train a 
fisheries staff. Training facilities in the developing countries 
need to be Supplemented by the establishment of Technical 
Schools in countries with developed fisheries industries, where 
persons of developing countries can come for advanced 
training. These highly trained persons would then return to 
their respective countries both as project leaders in fishery 
development and as teachers for local training. 

MR. J. ADJETEY (Ghana) fully agreed with Dr. Kreuzer's 
recommendations. He added that Ghana, along with the 
other developing countries, was trying to improve the con- 
ditions of its fisheries. It was equally important, however, to 
improve at the same time the economics of processing, so that 
all fish products are brought within the purchasing power of 
people. He urged that this group should seriously consider 
this recommendation. 




From the offal of herrings in packing plants of Scotland, Iceland, Norway, and many other countries, together with 
surplus whole fish, fine quality herring meal is made for use in stock foods. 
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Section 1 : GENERAL 

FOOD INTAKE, NUTRITION REQUIREMENTS 
AND INCIDENCE OF MALNUTRITION 

by 
K. K. P. N. RAO 

Sufficient evidence exists to say that more than one-half the earth's population is undernourished or malnourished. The great 
contrasts in world levels of food and nutrition are here illustrated in eight tables summarizing relevant data from national food balance sheets 
and dietary surveys. In critical areas (Asia and the Far East, Near East, Africa and Latin America), prevalence of disease involving nutritional 
deficiencies can be directly related with poor food supplies. 

Generally, (a) diets show satisfactory energy content, though there are periodic serious caloric shortages in some areas; (b) food 
supplies are too rich in carbohydrate, and too poor in nutrients essential to good health; (c) this can be corrected only by consumption of 
protective foods like pulses, milk, meat, eggs and fish. 

The specific role of fish in diets is discussed. Regional variations in fish consumption are shown. Although fish contributes only a 
small percentage to total caloric intake, it has a great potential use in the relief of protein malnutrition which is the most serious nutrition 
problem in the critical areas. 

Calcium intake from fish is generally unimportant except in a few countries. Limited data are provided which indicate that fish 
could provide more thiamine and riboflavin than at present. Only a few countries obtain substantial fat intake from fish, but even lesser 
intakes are considered to be of interest. 

Estimates are given of percentage increases of food required to make even limited nutritional improvement in average diets over 25 
years, taking into account the fast increasing populations. The figures for fish are: 90 per cent generally, 120 per cent for Asia and the Far 
East, 1 30 per cent for the Near East. Five references are given. 

CONSOMMATION ALIMENTAIRE, EXIGENCES NUTRITIONNELLES ET INCIDENCE DE LA 

MALNUTRITION 

11 y a deja bien assez des preuves peur affirmer que plus de la moitie de la population mondialc souflfre de sous-alimentation et de 
malnutrition. Les grands contrastes de niveaux alimentaires et nutritionnnels dans le mondc sont ill us t res ici par huit tableaux qui resument les 
principals donnees obtenues depuis les bilans alimentaires nationaux et des dtudes sur la nutrition. 

Dans des regions critiques (Asie et Extreme-Orient, Prochc-Orient, Afrique et Amerique Latine), Tincidence des maladies mettant 
en cause des deficiences nutritionnelles peut etre directcment rattachee & des ressources alimentaires pauvres. 

D'unc facon generate, (a) les regimes alimentaires presenters une valeur energetique satisfaisante, quo! qu'il y ait une pdnurie perio- 
dique serieuse en calories dans quelques regions; (b) les ressources alimentaires sont trop riches en glucides et trop pauvres en elements 
nutritifs indispensable* a la sant6; (c) cc desequilibre ne peut etre corrige que par une consommation augmentee d'aliments protccteurs tels 
que les legumineuses, le lait, la viande, les oeufs et le poisson. 

On commente le role spccifique du poisson dans les rdgimes. On presentc les variations par regions de la consommation de poisson. 
Bien que le poisson nc contribue qu'en faible pourcentage A la consommation totale de calories, il presente un usage potentiel important au 
regard de la malnutrition proleique qui, dans les regions critiques, est le probleme alimentaire le plus serieux. 

L'apport en calcium depuis le poisson a peu d'importance sauf dans quelques pays. Des donnees limitees qu'on a pu reunir montrent 
que le poisson pourrait fournir plus de thiamine et de riboflavine qu'ils ne font actuellcment. Seuls quelques pays derivent du poisson un 
apport substantiel en graisses; ma is meme des apports plus faibles sont considcrcs comme interessants. 

On presente des estimations concernant les accroissements en pourcentage de la nourriture qu'exige une amelioration nulritionnelle, 
meme limitee, dans les regimes alimentaires moyens, sur 25 ans, et en tenant compte des populations a croissance demographique rapide. 
Les chiffrcs pour le poisson sont: 90% d'une facon generate, 120% pour TAsie et rExtreme-Orient, 130% pour le Proche-Oricnt. 

Cinq references bibliographiques. 

CONSUMO DE ALIMENTOS, NECESIDADES NUTRITIVAS E INCIDENCIA DE LA MALNUTRICION 

Existen pruebas suficientes para afirmar que mas de la mitad de la poblaci6n de la tierra esta desnutrida o malnutrida. El gran 
contraste entre el consumo de alimentos y la nutricibn se expone aqui en ocho tablas que resumcn los datos mas importantes de las hojas de 
balance dc alimentos nacionales y dc cncuestas alimenticias. En las regiones crfticas (Asia y el Extreme* Oriente, el Medio Oriente, Africa y 
America Latina), la prevalencia de enfermedades causadas por deficicncias nutritivas puedc relacionarse direclamente con escasez dc alimentos. 

Generalmente: (a) las alimentaciones son satisfactorias desde el punto de vista de la energia, pero en algunas regiones existen graves 
escaseces ca!6ricas periodicas; (b) los alimentos son demasiado ricos en hidratos de carbono y demasiado pobres en los elementos nutritivos 
esenciales para mantener una buena salud; (c) esta siluaci6n se tiene que corregir consumiendo mas alimentos protectores como leguminosas, 
leche, came, huevos y pescado. 

Se discute el papel especffico del pescado en la alimentaci6n. Se dan a conocer variaciones regionales en el consumo dc pescado. 
Aunque el pescado aporta solamcnte un pequefto porcentaje del total de calorias, tiene grandes usos posibles en el alivio de la malnulricion 
proteica, que es el problema de nutricibn mas grave en las regiones criticas. 

La absorci6n dc calcio a partir del pescado es generalmente de poca importancia excepto en unos cuantos paises. Se dan algunos 
datos que indican que el pescado podria suministrar mas tiamina y riboflavina que en la actualidad. S61o unos pocos paises obtienen un 
importante suministro de grasas del pescado, pero aun los consumes mas pequeflos sc consideran de intcres. 

Se dan estimaciones de los porcentajes del aumento de alimentos necesario para lograr incluso. pequeftas mejoras nutritivas en las 
alimentaciones normales durante los prbximos 25 anos, teniendo en cuenta el rapido incremento demografico. Los datos para el pescado son : 
90% en general; 120% en Asia y el Lejano Oriente; 130% en el Medio Oriente. Se dan 5 citas bibliograficas. 
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Fish in Nutrition : Contribution to National Diets 



IT has been estimated that more than one half of the 
world's population suffers from varying degrees of 
undernutrition and malnutrition. While a more precise 
estimate is not yet possible owing to lack of sufficient data 
from many parts of the world, there is enough evidence 
already to justify such a conclusion. In view of the close 
and direct link between the nutritional status of a 
population and its health and efficiency, the serious 
implications of this unsatisfactory situation are obvious. 
Especially in the light of the tremendous population 
growth, which is taking place now, the problem of 
providing adequate nutrition for all is certainly one of the 
most pressing problems facing mankind today. Indeed 
it is considered by many authorities as the most serious 
of all, next only to the question of survival from a 
nuclear holocaust. Although the problem is thus serious 
enough, even taking the world as a whole, it is particularly 
serious in those regions which are already short of food, 
but in which the populations are increasing by leaps and 
bounds. Thus the problem needs to be viewed on a 
regional, and even on a national, rather than on a world, 
basis. For instance, the nutritional defects observed in 
North America arise generally from over consumption. 



whereas those observed in Asia and the Far East arise 
mostly from under consumption, especially of the 
protective foods. The strong contrasts in the food and 
nutritional situation prevailing in different regions and 
countries are clearly illustrated by Tables I-VI1I, which 
summarize relevant data derived from national food 
balance sheets as well as dietary surveys of various sec- 
tions of the population in selected countries. 

The countries which are facing critical food and 
nutritional situations are mostly in the regions which are 
often described as developing or underdeveloped 
economically: Asia and the Far East, Near East, Africa 
and Latin America. These regions, therefore, deserve 
special consideration from the nutritional point of view. 
In Asia and the Far East, the situation has been recently 
reported in the following terms: "As for the nutritional 
quality of average diets, they are in general ill-balanced 
and defective according to modern nutritional prin- 
ciples. . . . This is confirmed by the wide prevalence of 
signs of nutritional deficiency, such as protein malnutri- 
tion, vitamin A deficiency, beriberi, nutritional anaemias, 
and aribollavinosis" (1). 

The situation has been described in very similar terms 



TABLL I 

Food supplies available for human consumption in selected countries in different regions for recent years (based on food balance sheets) 

Fish 



Country 



LUROPE 

Denmark 



Starchy 
Cereals roots 



Sugar 



228-0 331-3 134-5 



Pulses 
and 
nuts 



14-0 



Vege- 
tables 



183-3 



Meat 
and 
Fruits poultry Eggs Fresh 

g. per capita per day 
124-7 197-7 21-4 33-4* 



Dried 

and 

salted 



7-4 



Canned 



3-0 



Milk 
and 
prod. 



OCEANIA 

Australia . 
New Zealand 



240-3 
235-4 



146-2 
160-4 



147-4 
130-3 



12-1 
10-8 



167-4 
192-5 



189-9 
161-5 



319-5 
287-6 



28-8 
42-5 



7-7 
16-6* 



1-1 



3-0 
2-9 



520-6 
776-8 



Fats 
and 
oils 



629-5 76-1 



Finland 


303-8 


251-4 


110-9 


5-3 


58-8 


86-5 


87-1 


20-9 




'31-0* 




983-4 


62-0 


France 


294-2 


269-5 


88-2 


17-5 


350-0 


134-4 


195-4 


29-5 




'29-7 




519-3 


47-3 


Italy . 


388-0 


129-1 


52-6 


31-2 


372-9 


220-0 


68-6 


23-0 


12-6 


3-3 


2-5 


320-1 


43-1 


Norway 


218-6 


258-5 


110-5 


10-0 


97-7 


155-8 


100-3 


21-3 


85-1 


17.7 


'11-6 


699-7 


67-9 


NORTH AMERICA 




























Canada 


194-8 


185-5 


132-6 


13-4 


199-7 


175-3 


202-7 


46-6 


8-5* 


2-2* 


5-8 


719-0 


58-6 


U.S.A. 


184-5 


125-9 


131-5 


19-4 


265-5 


215-0 


219-3 


55-0 


7-3* 


0-7 


5-2 


721-9 


61-4 


LATIN AMERICA 

Argentina . 


288-4 


258-4 


86-7 


5-5 


125-1 


200-2 


333-2 


24-1 


r 


Ml-3 


" 


386-6 


40-5 


Chile . 


287-4 


277-0 


100-4 


36-8 


211-6 


84-9 


70-6 


10-8 




'81-9 




235-3 


21-2 


NEAR EAST AND AFRICA 


Israel . 


338-7 


113-1 


75-3 


22-4 


336-4 


323-9 


70-9 


53-2 


2 23-0 


8-2 




416-5 


47-4 


Turkey 


559-3 


113-4 


31-1 


36-9 


211-7 


202-5 


40-4 


4-6 


3-8 


f~ " - '- 
1-6 


' 


197-0 


18-7 


Union of S. Africa 


419-9 


32-6 


128-5 


11-4 


105-2 


119-7 


124-6 


8-2 


13-1* 


5-7 


2-4 


235-9 


17-2 


United Arab Rep, 




























Egyptian Region 


514-1 


25-1 


48-6 


33-2 


293-7 


174-9 


38-8 


3-3 


14-5* 


0-5 


0-8 


118-9 


14-3 


ASIA AND THE FAR 

India . 


EAST 

339-7 


29-2 


41-9 


63-4 


4 44-6 


32-9 


4-1 


0-6 


. , 


'6-5 


1 


123-4 


9-9 


Japan . 


414-1 


127-7 


37-7 


86-2 


198-6 


57-9 


12-7 


10-6 




J 59-7* 




48-7 


9-3 



50-1 
65-3 



Edible portion. 

In term of fish, fresh. 

Including 17-0 g. of fresh fish (round weight), 0-8 frozen and chilled fish (round weight), 5-2 frozen and chilled fish (edible portion). 

And miscellaneous. 

Data refers to 1954-56. 
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in the Near East, where protein malnutrition, anaemia, 
rickets, pellagra, avitaminosis A, and ariboflavinosis are 
reported to be prevalent in varying degrees, and this 
knowledge "is generally in line with the data on food 
consumption" (2). 



Intake in Relation to Need and Malnutrition 

In Africa, "protein malnutrition is widespread" as 
shown by the prevalence of Kwashiorkor, which is the 
most serious nutritional syndrome in that region, and 
"the knowledge available on food supply and consump- 
tion fits in with the incidence of protein malnutrition" (3). 



TABLE II 

Calorie content of food supplies available for human consumption in selected countries in different 
(based on food balance sheets) 
Fish 

Pulses Meat Dried 


regions for recent years 

Milk Fats 




Starchy 




and 


Vege- 




and 






and 




and 


and 


Total 


Country Cereals 


roots 


Sugar 


nuts 


tables 


Fruits 


poultry 


Eggs 


Fresh 


salted 


Canned 


prod. 


oils 


calor. 


EUROPE 




























Denmark 




























Cal./cap/day 794 


247 


518 


45 


71 


74 


543 


31 


44 


10 


6 


358 


674 


3,415 


% total cal. 23-2 


7-2 


15-2 


1-3 


2-1 


2-2 


15-9 


0-9 


1-3 


0-3 


0-2 


10-5 


19-7 


100 


F inland 




























Cal./cap/day 1,063 


194 


429 


18 


13 


49 


198 


30 




41 




631 


451 


3,117 


% total cal. 34-1 


6-2 


13-8 


0-6 


0-4 


1-6 


6-3 


1-0 




1-3 




20-2 


14-5 


100 


France 




























Cal./cap/day 1,028 


190 


340 


54 


77 


68 


413 


43 




18 




271 


418 


2,920 


% total cal. 35-2 


6-5 


11-7 


1-8 


2-6 


2-3 


14-2 


1-5 




0-6 




9-3 


14-3 


100 


Italy 




























Cal./cap/day 1,369 


94 


203 


89 


82 


115 


117 


33 


8 


7 


s 


174 


381 


2,677 


% total cal. 51-1 


3-5 


7-6 


3-3 


3-1 


4-3 


4.4 


1-2 


0-3 


0-3 


0-2 


6-5 


14-2 


100 


Norway 




























Cal./cap/day 764 


200 


428 


37 


21 


80 


235 


31 


53 


5 


7 


509 


611 


2,981 


" total cal. 25-6 


6-7 


14-4 


1-2 


0-7 


2-7 


7-9 


1-0 


1-8 


0-2 


0-2 


17-1 


20-5 


100 


NORTH AMERICA 




























Canada 




























Cal./cap/day 688 


130 


493 


63 


58 


100 


547 


67 


10 


5 


11 


437 


463 


3,072 


i total cal. 22-4 


4-2 


16-0 


2-1 


1-9 


3-2 


17-8 


2-2 


0-3 


0-2 


0-4 


14-2 


15-1 


100 


U.S.A. 




























Cal./cap/day 674 


90 


491 


76 


71 


111 


554 


79 


10 


1 


10 


425 


509 


3,101 


/ total cal. 21-7 


2-9 


15-8 


2-5 


2-3 


3-6 


17-9 


2-6 


0-3 


-- 


0-3 


13-7 


16-4 


100 


LATIN AMERICA 




























Argentina 














f 




















Cal/cap/day 1 ,049 


195 


335 


19 


29 


87 


747 


35 




7 




246 


346 


3,095 


% total cal. 33-9 


6-3 


10-8 


0-6 


0-9 


2-8 


24-2 


M 




0-2 




8-0 


11-2 


100 


Chile 




























Cal./cap/day 1,045 


194 


388 


127 


47 


37 


147 


16 




51 




150 


179 


2,381 


/ total cal. 43-9 


8-1 


16-3 


5-3 


2-0 


1-6 


6-2 


0-7 




2-1 




6-3 


7-5 


100 


NEAR FAST AND AFRICA 




























Israel 




























Cal./cap/day 1,186 


94 


290 


96 


72 


124 


114 


77 


12 


11 




233 


379 


2,688 


total cal. 44-1 


3-5 


10-8 


3-6 


2-7 


4-6 


4-2 


2-9 


0-4 


0-4 




8-7 


14-1 


100 


Turkey 
















,- 
















Cal./cap/day 1,960 


79 


121 


140 


47 


92 


66 


6 


2 


1 




116 


165 


2,797 


% total cal. 70-1 


2-8 


4-3 


5-0 


1-7 


3-3 


2-4 


0-2 


0-1 


0-1 




4-1 


5-9 


100 


Union of S.Africa 




























Cal./cap/day 1,487 


24 


497 


42 


23 


59 


294 


12 


23 


14 


7 


152 


139 


2,773 


% total ail. 53-7 


0-9 


17-9 


1-5 


0-8 


2-1 


10-6 


0-4 


0-8 


05 


0-3 


5-5 


5-0 


100 


United Arab Rep. 




























Egyptian Reg. 




























Cal./cap/day 1,820 


22 


169 


120 


72 


117 


59 


5 


19 


2 


2 


106 


127 


2,640 


% total cal. 69-0 


0-8 


6-4 


4-6 


2-7 


4.4 


2-2 


0-2 


0-7 


0-1 


0-1 


4-0 


4-8 


100 


ASIA AND THE FAR EAST 
























































incud 
Cal./cap/day 1,196 


28 


147 


196 


10 


19 


6 


1 




4 


* 


105 


87 


1,799 


% total cal. 66-5 


1-5 


8-2 


10-9 


0-6 


M 


0-3 


0-1 




0-2 




5-8 


4-8 


100 


Japan 




























Cal./cap/day 1,422 


160 


148 


153 


61 


26 


19 


16 




91 




29 


84 


2,209 


% total cal. 64-4 


7-2 


6-7 


6-9 


2-8 


1-2 


0-9 


0-7 




4-1 




1-3 


3-8 


100 


OCEANIA 




























Australia 




























Cal./cap/day 870 


104 


577 


58 


38 


85 


715 


41 


5 


1 


5 


328 


384 


3,21 1 


% total cal. 27-1 


3-2 


18-0 


1-8 


1-2 


2-6 


22-3 


1-3 


0-2 





0-2 


10-2 


11-9 


100 


New Zealand 




























Cal./cap/day 856 


117 


493 


42 


42 


105 


639 


61 


17 




7 


558 


493 


3,430 


% total cal. 24-9 


3-4 


14-4 


1-2 


1-2 


3-1 


18-6 


1-8 


0-5 




0-2 


16-3 


14-4 


100 
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The situation in Latin America has been reported thus: 
"The most frequently recorded indications of clinical 
malnutrition revealed by these surveys have been 
protein deficiencies, avitaminosis A, ariboflavinosis, 
anaemias and goiter. Evidence has been obtained in some 



instancesof insufficiency of calories and lack of niacin"(4). 
Although it must be emphasized that the conditions 
can differ widely from one country to another, and often 
within the same country, the general picture in these 
regions can be summarized as follows: 



TABLE III 

Protein content of food supplies available for human consumption in selected countries in different regions for recent years 
(based on food balance sheets) 
Fish 

Pulses Meat Dried Milk 






Starchy 


and 


and 






and 




and 


Total 


Country 


Cereals 


roots 


nuts 


poultry 


Eggs 


Fresh 


salted 


Canned 


prod. 


protein 


EUROPE 






















Denmark 






















g./cap/day . 
% total protein 


25-1 
26-9 


6-0 
6-4 


2-3 

2-5 


24-0 

25-7 


2-4 
2-6 


6-3 
6-8 


1-4 
1-5 


0-6 
0-6 


22-0 
23-6 


93-2 
100 


Finland 












/ . 


_ 


_ . x 






g./cap/day . 


33-1 


4-7 


1-1 


11-7 


2-3 




5-8 




34-4 


94-5 


% total protein 


35-0 


5-0 


1-2 


12-4 


2-4 




6-1 




36-5 


100 


France 






















g./cap/day . 
', total protein 


32-0 

33-7 


4-6 

4-8 


2-3 
2-4 


26-6 
28-0 


3-0 

3-2 




2-6 

2-7 




18-2 
19-1 


95-1 
UK) 


Italy 






















g./cap/day . 
% total protein 


38-9 
50-2 


2-3 
3-0 


4.4 
5-7 


9-8 
12-6 


2-5 
3-2 


1-1 
1-4 


1-1 
1-4 


0-5 
0-6 


11-2 
14-4 


77-6 
100 


Norway 






















g./cap/day . 


24-6 


4.9 


1-5 


12-5 


2-3 


7-5 


0-7 


K) 


24-5 


82-0 


total protein 


30-0 


6-0 


1-8 


15-3 


2-8 


9-1 


0-9 


1-2 


29-9 


100 


NORTH AMERICA 






















Canada 






















g./cap/day . 


23-1 


3-1 


2-7 


27-9 


5-3 


1-5 


0-9 


1-2 


25-2 


94-4 


% total protein 


24-4 


3-3 


2-9 


29-5 


5-6 


1-6 


1-0 


1-3 


26-7 


100 


U.S.A. 






















g./cap/day . 


14-9 


2-1 


4-4 


31-3 


6-1 


1-4 


0-1 


1-0 


24-8 


91-0 


\ total protein 


16-4 


2-3 


4-8 


34-4 


6-7 


1-5 


0-1 


11 


27-3 


100 


I-A'IIN AMERICA 






















Argentina 












( 


. . . . 


. 






g./cap/day . 


30-9 


4-1 


1-2 


48-2 


2-6 




1-0 




13-5 


104-2 


% total protein 
Chile 


29-6 


3-9 


1-2 


46-2 


2-5 




1-0 




13-0 


100 


g./cap/day . 


30-4 


4-7 


8-0 


10-0 


1-2 




7-2 




8-2 


73-2 


% total protein 


41-6 


6-4 


10-9 


13-7 


1-6 




9-8 




11-2 


100 


NEAR LAST AND AFRICA 






















Israel 






















g./cap/day . 


38-9 


1-8 


4-8 


9-3 


5-8 


2-4 


1-2 




14-3 


83-8 


% total protein 


46-4 


2-1 


5-7 


11-1 


6-9 


2-9 


1-4 




17-1 


100 


Turkey 
















1 






g./cap/day . 


62-5 


1-9 


7-2 


5-6 


0-4 


0-3 


0-3 




7-8 


89-8 


% total protein 


69-6 


2-1 


8-0 


6-3 


0-4 


0-3 


0-3 




8-7 


100 


Union of S. Africa 






















g./cap/day . 


39-7 


0-5 


2-5 


17-0 


0-9 


2-6 


2-2 


0-5 


8-3 


76-4 


% total protein 


51-9 


0-6 


3-3 


22-2 


J-2 


3-4 


2-9 


0-7 


10-9 


100 


United Arab Republic 






















Egyptian Region 






















g./cap/day . 


51-4 


0-4 


7-4 


5-3 


0-4 


2-7 


0-1 


0-3 


4-5 


78-3 


% total protein 


65-7 


0-5 


9-5 


6-8 


05 


3-4 


0-1 


0-4 


5-7 


100 


ASIA AND THE 1-AR HAST 






















India 












f 





( 






g./cap/day . 


27-9 


0-4 


11-9 


0-5 


0-1 




0-6 




4-6 


46-8 


% total protein 


59-6 


0-9 


25-4 


1-1 


0-2 




1-3 




9-8 


100 


Japan 






















g./cap/day . 


31-9 


1-8 


12-5 


2-8 


1-4 




11-3 




1-5 


66-7 


" total protein 


47-8 


2-7 


18-8 


4-2 


2-1 




16-9 




2-3 


100 


OCEANIA 






















Australia 






















g./cap/day . 


23-8 


2-5 


2-2 


37-4 


3-3 


0-9 


0-2 


0-6 


17-5 


91-3 


% total protein 


26-1 


2-7 


2-4 


40-9 


3-6 


1-0 


0-2 


0-7 


19-2 


100 


New Zealand 






















g./cap/day . 


25-6 


2-7 


1-5 


35-7 


4-7 


3-0 




0-6 


27-8 


105-5 


% total protein 


24-3 


2-6 


1-4 


33-8 


4-5 


2-8 




0*6 


26-3 


100 
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Intake in Relation to Need and Malnutrition 



(a) the average diets are generally satisfactory from 
the viewpoint of their energy content, although shortages 
of calories are known to be quite serious from time to 
time in some areas ; 



(b) food supplies in general are very defective in their 
nutritional quality since they contain too much of 
foods rich in carbohydrate, which may contribute as 
much as 70-90 per cent of total calorie intakes, and too 



TABLE IV 

Calcium content of food supplies available for human consumption in selected countries in different regions for recent years 

(based on food balance sheets) 



Country and year 

EUROPE 

Denmark (1957/58) 

mg. Ca/cap/day . 

0/ of total Ca supply . 
Finland (1958/59) 

mg. Ca/cap/day . 

of total Ca supply . 
France (1958/59) 

mg. Ca/cap/day . 

" of total Ca supply . 
Italy (1958/59) 

mg. Ca/cap/day . 

of total Ca supply . 
Norway (1958/59) 

mg. Ca/can/day . 

" of total Ca supply . 

NOR 111 AMEKK A 

Canada (1957/58) 

mg. Ca/cap/day . 

of total Ca supply . 
U.S.A. (1958) 

mg. Ca/cap/day . 

/ of total Ca supply . 

LATIN AMFRICA 

Argentina (1957) 

mg. Ca/cap/day . 

/ of total Ca supply . 
Chile (1957) 

mg. Ca/cap/day . 

of total Ca supply . 

NEAR FAS'l AND AFRICA 

Israel (1957/58) 

mg. Ca/cap/day . 

/ of total Ca supply . 
Turkey (1957/58) 

mg. Ca/cap/day . 

,, of total Ca supply . 
Union of S. Africa (1958) 

mg. Ca/cap/day . 

",, of total Ca supply . 
United Arab Republic 

Egyptian Region (1957/58) 

mg. Ca/cap/day . 

" of total Ca supply . 

ASIA AND THh FAR KAST 

India (1957/58) 

mg. Ca/cap/day . 

% of total Ca supply . 
Japan (1958) 

mg. Ca/cap/day . 

% of total Ca supply . 

OCEANIA 
Australia (1958/59) 

mg. Ca/cap/day . 

% of total Ca supply . 
New Zealand (1958) 

mg. Ca/cap/day . 

% of total Ca supply . 



Pulses Meat 

Starchy and Vege- and 

Cereals roots nuts tables Fruits poultry 



Eggs Fish 



Milk 
and 
prod. 



45 


28 


5 


44 


27 


29 


11 


7 


4 


1 


7 


4 


5 


2 


45 


19 


34 


108 


11 


6 


5 


9 


4 


7 


20 


2 


1 


i 



87 
19 



98 
28 

66 
18 



6 

2 

22 
6 



12 



31 

7 



67 
19 

91 

25 



140 
31 



23 
7 

101 
28 



35 
8 



39 


11 


10 


85 


37 


26 


1 


5 


1 


1 


10 


4 


3 




40 


13 


11 


98 


29 


23 


19 


3 


1 


1 


8 


3 


2 


2 



19 

5 



460 
70 

280 
54 



142 

32 



147 
43 

58 
16 



620 

75 

926 
79 



Total supply 
of Ca 



61 


25 


13 


94 


17 


16 


9 


16 


749 


1,000 


6 


3 


1 


9 


2 


2 


1 


2 


74 


100 


70 


19 


3 


30 


11 


7 


9 


10 


1,170 


1,329 


5 


1 




2 


1 


1 


1 


1 


88 


100 


46 


19 


13 


179 


18 


17 


13 


8 


618 


930 


5 


2 


1 


19 


2 


2 


1 


1 


67 


UK) 


59 


9 


24 


190 


26 


6 


10 


5 


381 


710 


8 


1 


3 


27 


4 


1 


1 


1 


54 


100 


52 


20 


9 


50 


23 


8 


9 


22 


833 


1 ,026 


5 


2 


1 


5 


2 


1 


1 


*> 


81 


100 



34 


13 


12 


64 


24 


17 


21 


6 


856 


1,047 


3 


1 


1 


6 


2 


2 


2 


1 


82 


100 


29 


10 


18 


135 


21 


18 


24 


5 


856 


1,116 


3 


1 


2 


12 


2 


2 


2 




76 


100 



651 
100 

520 
100 



80 


8 


37 


172 


53 


6 


23 


9 


496 


884 


9 


1 


4 


19 


6 


1 


3 


1 


56 


100 


125 


8 


35 


108 


30 


4 


2 


1 


234 


547 


23 


1 


6 


20 


6 


1 








43 


100 


53 


1 


10 


54 


19 


11 


4 


8 


280 


442 


12 


i 


2 


12 


4 


2 


1 


2 


(A 


100 



449 
100 



347 
100 

368 
100 



833 
100 

1J65 
100 
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little of protective foods rich in proteins and other 
nutrients; and 

(r) consequently nutritional deficiencies, of which 
protein malnutrition is by far the most serious, are 



widely prevalent in varying degrees of seriousness, and 
can be corrected most effectively by increased consump- 
tion of protective foods, such as pulses, milk, meat, eggs 
and fish. 



TABLE V 

Fat content of food supplies available for human consumption in s 
(based on food to 

Pulses Meat 


elected countries in different regions 


for recent 

Milk 


years 

Fats 




ilance sheets) 


Fish 

Dried 








and 


and 






and 




and 


and 


Total 


Country 


Cereals 


nuts 


poultry 


Eggs 


Fresh 


salted 


Canned 


prod. 


oils 


fat 


EUROPE 






















Denmark 






















g./cap/day 


4-2 


1-1 


49-2 


2-2 


1-9 


0-3 


0-2 


23-1 


76-1 


159-3 


% of total fat. 


2-6 


0-7 


30-9 


1-4 


1-2 


0-2 


0-1 


14-5 


47-8 


100 


T^inlanrl 






















riiiutiiu 
g./cap/day 
% of total fat. 


4-8 
4-3 


0-1 
0-1 


16-4 
14-7 


2-2 
2-0 




1-8 
1-6 




34-5 
31-0 


50-9 

45-7 


111-3 
100 


France 






















g./cap/day 


4-1 


2-0 


33-0 


3-0 




0-8 




15-7 


47-3 


107-3 


o of total fat. 


3-8 


1-9 


30-7 


2-8 




0-7 




14-6 


44-1 


100 


Italy 






















g./cap/day 


5-4 


2-0 


8-1 


2-4 


0-3 


0-3 


0-3 


10-3 


43-1 


73-8 


% of total fat. 


7-3 


2-7 


11-0 


3-3 


0-4 


0-4 


0-4 


14-0 


58-4 


100 


Norway 






















g./cap/day 


3-7 


1-8 


20-6 


2-2 


2-3 


0-2 


0-3 


32-2 


67-9 


132-1 


of total fat. 


2-8 


1-4 


15-6 


1-7 


1-7 


0-2 


0-2 


24-4 


51-4 


100 


NORTH AMERICA 






















Canada 






















g./cap/day 


2-8 


3-9 


47-4 


4-8 


0-4 


0-1 


0-6 


22-8 


52-0 


135-8 


of total fat . 


2-1 


2-9 


34-9 


3-5 


0-3 


0-1 


0-4 


16-8 


38-3 


100 


U.S.A. 






















g./cap/day 


2-2 


3-2 


46-7 


5-7 


0-4 





0-6 


23-0 


57-3 


140-4 


of total fat. 


1-6 


2-3 


33-3 


4-0 


0-3 





0-4 


16-4 


40-8 


100 


LATIN AMERICA 






















Argentina 










- - - 
















g./cap/day 


3-1 


0-2 


60-0 


2-5 




0-3 




14-4 


38-9 


120-6 


% of total fat . 


2-6 


0-2 


49-8 


2-1 




0-2 




11-9 


32-2 


100 


Chile 






















g./cap/day 


3-0 


1 -1 


11-7 


1-1 




2-2 




8-3 


20-1 


48-2 


%of total fat. 


6-0 


2-3 


24-4 


2-3 




4-6 




17-2 


41-8 


100 


NEAR EAST AND AFRICA 






















Israel 






















g./cap/day 
% of total fat . 


5-0 
6-0 


5-6 
6-8 


8-3 
10-0 


5-5 
6-7 


0-2 
0-2 


0-6 
0-7 




12-4 
15-0 


43-2 
52-3 


82-7 
100 


Turkey 










( 
















g./cap/day 


9-8 


4-3 


4.4 


0-4 


0-1 


0-1 




6-3 


18-7 


45-6 


% of total fat . 


21-5 


9-4 


9-7 


0-9 


0-2 


0-2 




13-8 


41-0 


100 


Union of South Africa 






















g./cap/day 


13-2 


0-8 


24-5 


0-8 


1-3 


0-6 


0-6 


8-4 


15-5 


66-6 


% of total fat. 


19-8 


1-2 


36-8 


1-2 


2-0 


0-9 


0-9 


12-6 


23-3 


100 


United Arab Republic 






















Egyptian Region 






















g./cap/day 


12-0 


1-9 


4-0 


0-3 


0-8 


0-1 


0-1 


7-4 


14-3 


42-2 


o of total fat . 


28-5 


4-5 


9-5 


0-7 


1-9 


0-2 


0-2 


17-5 


33-9 


100 


ASIA AND THE FAR EAST 






















1 r*Hi<l 






















j nuia 
g./cap/day 


4-8 


2-6 


0-4 


0-1 


( 


0-2 


^ 


7-1 


9.9 


25-3 


/oof total fat. 


19-0 


10-3 


1-6 


0-4 




0-8 




28-0 


39-1 


100 


Japan 






















g./cap/day 


4-5 


4-3 


0-8 


1-2 




3-2 




1-6 


9-3 


25-6 


i,of total fat. 


17-6 


16-8 


3-1 


4-7 




12-5 




6-2 


36-3 


100 


OCEANIA 






















Australia 






















g./cap/day 


3-8 


4.4 


61-8 


2-9 


0-1 





0-2 


19-2 


42-5 


135-1 


% of total fat. 


2-8 


3-3 


45-7 


2-1 


0-1 





0-1 


14-2 


31-5 


100 


New Zealand 






















g./cap/day 


2-9 


2-7 


55-0 


4.4 


0-4 




0-4 


30-5 


55-4 


153-3 


% of total fat. 


1-9 


1-7 


35-8 


2-9 


0-3 




0-3 


19-9 


36-1 


100 
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Intake in Relation to Need and Malnutrition 



After this expos6 of the major nutritional defects in 
the average diets in the under-fed regions of the world and 
the general lines for their improvement, it will now be 
appropriate to look at the specific role of fish in this 
connection. From Table I it can be seen that the average 
quantities of fish consumed in different countries vary 
exceedingly, ranging from less than 10 g. per caput per 
day in Turkey to more than 100 g. in Norway. More- 
over, Table VI will show that fish consumption can vary 
considerably even within the same country; e.g. in 
Northern Nigeria fish consumption is very low or even 
negligible, while in Southern Nigeria very much greater 
quantities are consumed. These differences in the 
quantities offish consumed are naturally reflected in the 
contributions which fish make to the intakes of calorics 
and nutrients. With respect to calories, fish are of no 
practical importance, since they contribute only very 
small percentages of the total calorie intakes (as shown in 
Table II). In any case, as pointed out already, calorie 
shortage is not the major defect of the diets in general, 



even in the ill-fed regions of the world. In regard to 
protein, on the other hand, the picture is quite different. 
As emphasized earlier, protein malnutrition is the major 
defect in most of the developing regions, and it is here 
that fish can make an outstanding contribution to the 
nutritional improvement. It can be seen from Table III 
that the supplies of high-quality protein of animal origin 
in the developing regions arc far below those in the well- 
developed regions : e.g. less than 6 g. per caput per day 
in India, as compared with more than 60 g. in U.S.A. 
The same table (and also Table VII) will show that the 
amounts of protein contributed by fish are generally low 
in the developing regions, both in absolute quantities and 
in relative proportions. For instance, in the Egyptian 
region, only 3 g., or about 4 per cent of total protein, 
are derived from fish. Thus it is clear that fish could play 
a much greater role than they do now in the developing 
regions, in raising their very low intakes of high-quality 
protein and thereby eradicate the ravages of protein 
malnutrition. 



TABLE VI 
Average quantities of foods consumed in selected countries in different regions (based on dietary surveys) 



Country 

KJROPL 

United Kingdom 



Cereals 



224 



NEAR EAST AND AFRICA 

Israel . . 29J 

Ivory Coast 

Village . . 31 

Camp . . 19 



ASIA AND THF FAR FAS I 



Japan 11 

OCEANIA 

Cook Islands 
(Rarotonga) 



438 



264 



Slarchy 
roots 



237 



104 

1,746 
2,032 



41 



675 



LATIN AMERICA 

Peru . 
Argentina 
Barranqueras y 
Puerto Vilelas 
Resistencia 


104 

317 
343 


130 

150 

137 



NEAR EAST AND AFRICA 

North Nigeria 5 

Bida farmers . 547 176 

Kontagora farmers 732 24 

Zuru farmers . 801 24 

Southern Nigeria 6 

Warri traders . 186 511 

lllu farmers . 36 1,011 

Soragbemi fishermen 1 5 449 



Sugar 



83 



64 



10 



16 



53 



80 
69 



34 
3 
4 



Pulses 
and 
nuts 



427 



13 

37 
58 



58 



239 



56 



40 
75 
61 

28 

18 

1 



Vege- 
tables 



246 

40 
56 



216 



15 



18 



175 
152 



22 
15 
28 

36 

10 

6 



Meat 
and 
Fruits poultry 

g./capita/day 



274 

21 
62 



20 



51 



380 



81 
83 



180 
77 
46 

118 
19 
13 



143 



55 

66 
98 



Eggs 



35 



45 



86 



55 



231 
187 



4 
3 
2 

132 
38 



Fish 



25 



15 



19 

17 



Raw 
fish 
44 



Dried 

fish 

14 



4 260 



1 Including "vegetables (fresh and green) (58-1)" and "other vegetables and pulses (68-4)". 
Including tomatoes. 

Survey on food consumption on the people in Tokyo living on salaries (March 1944). Intake per adult. 
Including "non fatty fishes (254)" and "molluscs (6)". 
Survey of adults (over 12 years of age). 
Sugar cane, stem. 
Also prawns (fresh): 4; oysters (local): 7. 



Milk 
and 
prod. 



426 



336 



12 





Fresh Dried 






fish fish 




6 


50 15 






Fresh Canned 






fish fish 




25 


1 2 


160 


18 


4 2 


198 




Freshwater, 






dried 







8 


. 





1 


5 


.- 


1 


16 




Fresh Dr. Can. 




10 


62 30 3 


33 





18 18 


_ 





7 165 79 






Fats 
and 
oils 



48 



11 



13 



30 
36 



21 
5 
1 

41 

35 
27 



Alcohol, 
beverages 

132 

155 
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Apart from the very serious problem of protein mal- 
nutrition, there are also other nutritional deficiencies, 
which are prevalent in many parts of the world, as indi- 
cated earlier. It would be of interest, therefore, to 
consider here the role of fish in relation to some of the 
essential minerals and vitamins. Table IV will show that 
the contribution of fish to total calcium intakes, con- 
sidered on a national average basis, is generally un- 
important, and does not exceed 5 per cent even in those 
countries where fish consumption is high. On the other 
hand, Table VIII will show clearly that, within individual 
countries, some sections of the population might be 
obtaining very substantial parts of their calcium intakes 
from fish. For instance, in the Ivory Coast, Peru and 
parts of Nigeria, as much as a half of the calcium intakes 
are contributed by fish. Since fish, especially shellfish and 



small fish eaten with bones, are rich sources of calcium, 
they can often play an important role in providing 
necessary amounts of calcium in the diets. With respect 
to thiamine, which is often deficient in the diets of those 
who subsist mainly on milled white rice, Table VIII 
includes a limited amount of data to show that fish could 
make important contributions to thiamine intakes, 
although in many cases they may not be doing so at 
present. For instance, in the Cook Islands, 10 per cent of 
total thiamine intake is obtained from fish, while in many 
other instances the corresponding figure is less than 1 per 
cent. The same Table includes also some data on the r61e 
of fish as a contributor of riboflavin, which is often 
deficient in the diets of the people in the developing 
regions, especially of the lower income groups. The 
situation with respect to riboflavin is somewhat similar 



TABLE Vll 

Protein and fat content of average quantities of fish and products consumed in selected countries in different regions (based on dietary surveys) 

Protein Fat 



Country 

EUROPE 

United Kingdom 

NEAR LAST AND AFRICA 

Israel . 
Ivory Coast 

Village 

Camp 

ASIA AND THt FAR EAST 

Japan 1 

Raw fish . 
Dried fish . 

OCEANIA 

Cook Islands (Rarotonga) . 

LATIN AMERICA 

Argentina 2 

Barranqueras y Puerto Vilelas. 

Resistcncia . 
Peru 

Fresh fish .... 

Dried fish .... 

NEAR EAST AND AFRICA 

Northern Nigeria 9 
Bida farmers 

Freshwater, dried 
Kontagora fanners 

Freshwater, dried 
Zuru farmers 

Freshwater, dried 
Southern Nigeria 8 
Warri traders 

Fresh fish . 

Dried fish . 

Canned fish 
Illu farmers 

Fresh fish . 

Dried fish . 
Soragbemi fishermen 

Fresh fish . 

Dried fish . 



g./cap/day 
3-0 

2-6 

10 
9 



7-7 
8-2 



49-1 



0-6 
0-7 

7-7 
5-0 



4-0 
0-5 
0-5 



11 
15 

1 

3 
9 

28 
40 



% of total 
protein 

4-0 

3-4 

16-4 
11-4 



11-3 
12-1 



46-0 



0-7 
0-8 

15-5 
10-0 



5-3 
0-7 
0-6 



13-1 

17-9 

1-2 

7-0 
20-9 

35-0 
50-0 



of animal 
protein 

7-2 

8-0 

40-0 
25-0 



44-0 
46-9 



72-4 



1-1 
1-7 

34-1 
22-1 



81-6 
35-7 
31-3 



22-0 

30-0 

2-0 

17-6 
52-9 

41-2 
58-8 



g./cap/day 
1-1 

0-6 

2 



3-2 
0-6 



6-3 



0-6 

0-08 

0-08 



1-9 
2-4 
0-8 

0-5 
1-4 

5-0 
6-3 



of total 
fat 

1-0 

1-0 

10-5 
9-1 



15-0 

2-8 



5-5 



1-4 
0-3 
0-3 



2-2 
2-8 
0-9 

1-2 
3-3 

12-8 
16-2 



of animal 
fat 

2-0 

3-0 

28-6 
33-3 



66-7 
12-5 

26-1 



1 Survey on food consumption of the people in Tokyo living on salaries (March 1944). Intake per adult. 

a G. per consumption unit per day. 

3 Survey of adults (over 12 years of age). 
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to what has been said about thiamine, except that fish can 
make much higher contributions to riboflavin intakes. 
For example, in the Cook Islands, and in the case of 
fishermen of Southern Nigeria, up to a third or more of 
total riboflavin intake is derived from fish. Although 
deficiencies related to fat intakes have not been reported 
to be of any significance to public health, it may be of 
interest to consider here briefly the role offish as suppliers 
of fat to average diets, in view of the recently increased 
interest in some aspects of fat in relation to health and 
disease. Table V will show that, as noted earlier in the 
case of calcium, the contribution of fish to diets on a 
national average basis is generally of no importance. 
However, Table VII will show, again as in the case of 
calcium, that some sections of the populations within a 
country might be obtaining a substantial part of fat intake 
from fish. In Japan, for instance, salaried employees in 
Tokyo get about 18 per cent of their fat intake, or about 
80 per cent of their animal fat intake from fish. 



After this review of the role of fish in average diets in 
terms of calories, proteins and other nutrients, it will be 
now appropriate to consider briefly what all this means in 
terms of increased fish supplies for better nutrition. No 
doubt, many efforts have been made in this direction by 
different people, from various points of view; but a 
reference to one such effort will be enough to illustrate 
the need and scope for increasing fish supplies to meet 
the nutritional needs of the fast increasing populations in 
the developing regions (5). According to this estimate, 
the extra quantities of food required to make even a 
limited nutritional improvement in the average diets of 
the increasing population of the world, even over a 
relatively short period of 25 years, would be quite sub- 
stantial. On a total world basis, it was estimated that an 
increase of the order of 90 per cent was called for, but 
that increases of an even higher order would be needed in 
the case of the under-fed, but fast-increasing, populations 
in the developing regions: e.g. 120 per cent in Asia and 



TABLE VIII 

Calcium, thiamine, and riboflavin content of average quantities of fish and products consumed 

(based on dietary surveys) 



Calcium 



Thiamine 



in selected countries in different regions 
Riboflavin 



% of total 
Country mg. /cap/day calcium 

EUROPE 

United Kingdom .... 14 1-4 

NF.AR EAST AND AFRICA 

Israel 

Ivory Coast 

Village 419 56-9 

Camp 389 49-2 

OCEANIA 

Cook Islands (Rarotonga) . . . 51 14-0 

LATIN AMERICA 

Argentina 1 

Barranqueras y Puerto Vilelas. . 1-2 0-2 

Resistencia 2-1 0-4 

Peru 

Fresh fish 65-0 23-0 

Dried fish 50-3 17-8 

NEAR EAST AND AFRICA 

Northern Nigeria 2 

Bida farmers 

Freshwater, dried ... 160 32-7 

Kontagora farmers 

Freshwater, dried ... 20 5-8 

Zuru farmers 

Freshwater, dried ... 20 3-4 

Southern Nigeria 2 

Warri traders 

Fresh fish 434 33-3 

Dried fish 600 46-1 

Canned fish .... 12 0-9 

Illu farmers 

Fresh fish 126 19-0 

Dried fish 360 54-2 

Soragbemi fishermen 

Fresh fish 1,155 39-9 

Dried fish 1,580 54-6 

1 Mg. per consumption unit per day. 
* Survey of adults (over 12 years of age). 



mg. /cap/day 
0-01 



0-02 
0-02 

0-15 



0-002 
0-002 

0-005 
0-005 



of total 
thiamine 

0-6 



1-3 
1-0 



10-0 



0-2 
0-2 

0-6 
0-6 



?,; of total 
mg./cap/day riboflavin 



0-03 



0-02 

0-04 
0-05 



0-38 



0-005 
0-005 

0-03 
0-02 



0-02 

0-003 

0-003 



0-08 
0-09 
0-01 

0-02 
0-06 

0-21 
0-24 



1-6 



4-8 
4-6 



38-0 



0-3 
0-3 

3-8 
2-5 



2-6 
0-4 
0-3 



5-8 
6-6 
0-7 

3-1 
9-2 

30-9 
35-3 
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the Far East, and 130 per cent in the Near East. Thus 
it is clear that there is a vast need and scope for increas- 
ing fish supplies, in order to raise the levels of nutrition 
especially in the developing regions. 

In sum, it can be concluded that: (a) there is wide- 
spread malnutrition in most of the developing regions; 
(b) the levels of nutrition in these regions can be raised 
mainly by increased consumption of protective foods; (c) 
fish can make substantial contributions in this respect; 
and (d) there is a vast need and scope for increasing fish 
supplies for this purpose. 
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DISCUSSION 

In the discussion on Dr. Rao's paper, MR. H. LOREDO 
(Mexico) reported that the need for protein was a constant 
problem in Latin America; this, already well known, had 
been confirmed by a recent ICNND survey. In Mexico, some 
excellent canned and frozen fish products were manufactured, 
at a price beyond the reach of the greater part of the popula- 
tion: the rest of the fisheries, unfortunately, were poorly 
developed, and needed expert assistance. 
MR. D. HAMMOND (Ghana): Although there are some very 
productive fishing regions in Africa, notably around Mali and 
Lake Victoria in Uganda, social tradition and religious beliefs 
are very often a severe hindrance to the consumption of fish 
products for the prevention of protein malnutrition. Dried 
fish may be an excellent solution to the nutritional problems 
of Africa, and of Asia and Latin America. 
PROF. A. M. LEROY (France): I agree with Dr. Rao that in 
very many countries there is a lack of protein. In some areas 
this can be corrected by increasing the production of certain 
agricultural products: for example, cereal grains and farm 
animals. Sometimes fish bred in ponds can provide consider- 
able quantities of protein; in some other areas the production 
of fish flour may help. The elimination of protein deficiency 
is a difficult problem, and requires regional solutions. No one 
solution will apply to all areas. 

DR. G. VARHLA (Spain): One must recognize that food balance 
sheets for a country give only a general view. There are often 
wide local variations in nutrition conditions in a single 
country. Our experience in Spain indicates that an increase in 
economic level does not usually result in an increase in fish 
consumption. Local studies are essential, and should concern 
economic aspects as well as the commercial varieties of 
available fishery products and their market quality. 
DR. G. BORGSTROM (U.S.A.): The significance offish in world 
nutrition becomes more striking when we consider that the 
United Kingdom would need to increase their ploughed area 
by 64 per cent to provide via dairy cattle the protein now 
provided by the sea. Similar figures exist for other countries 
and areas. To provide sufficient protein for our increasing 
population, the world's catch offish needs to be doubled every 
10 years. 

MR. G. AULISIO (Italy): Although there are large differences 
in the amount of fish consumed in the different regions of 
Italy, fish is not usually important in the diet. Good quality 
fish is too expensive. Second quality fish is a good deal 
cheaper, but there is too much waste. Improvements in 
marketing, supply and distribution are needed to lower the 
cost of fish products. 

DR. I. K. ORYEM-OBMA (Uganda): In some countries the 
following problems must be solved to increase the consump- 
tion of fishery products: (1) Distribution for example, lack 
of good roads. (2) Taboos against fish: often strongest in 
areas of greatest supply. (3) Economic problems how to 
provide inexpensive fish throughout the year. (4) Local 
preferences: the types of desirable fishery products vary in 
different areas. Consumer education by organizations such 
as UNICEF is the best approach to solving the localized and 
varied problem areas. 

DR. J. M. BENOOA (WHO): Protein deficiency is our most 
serious problem, and children are much more affected than 
adults. From 250,000 to 300,000 children could be saved 
each year, if they could get enough food. Fish should be 



246 



Discussion 



eaten much earlier in life, so that children from 1 to 4 years 

old will obtain enough adequate protein. Educational 

campaigns and increased supplies of fish protein are badly 

needed. 

DR. K. K. P. N. RAO replied that he was in full agreement 

with Mr. Hammond and with Prof. Leroy. It was necessary 

to look at the need for increased fish supplies in the light of 



the total supply of all protein-containing foods and the 
protein requirements of the population. To Dr. Varela he 
answered that, whereas an increase in economic level does 
not automatically imply an increase in the consumption of 
fish and other nutritious foods, since other conditions may 
be required as well, nevertheless an advance in purchasing 
power is a conditio sine qua non for improvements in nutrition. 




Are any words required here to show how dire is 
the outcome of lack of protein which fish can so 
well provide? On the left is a South American 
child suffering from malnutrition. Below are 
shown inhabitants of an Indian village in East 
Pakistan who are victims of famine. They have 
been compelled to grub up grass roots to eke out 
their diet. 
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Section 2a : PROTEINS 

FISH PROTEINS IN NUTRITION AND THEIR IMPORTANCE 
IN THE PREVENTION OF PROTEIN MALNUTRITION 

by 
JEAN MAYER 

Protein malnutrition is the major nutritional problem in the world at present. Fish protein is an excellent protein, which can not 
only increase the quantity of protein consumed, but can also supplement the quality of the protein. Thus a diet with a moderate amount of 
mediocre protein can be transformed into a diet with an adequate amount of good quality protein as small amounts of fish are added. Examples 
of such amino acid supplementation by fish protein will be discussed. 

LES PROTE1NES DU POISSON DANS LA NUTRITION ET LEUR IMPORTANCE 
DANS LA PREVENTION DE LA MALNUTRITION PROTEIQUE 

La malnutrition proteique est le probleme alimentaire majeur du monde actuel. La proteine du poisson est une proteine cxcellente, 
qui peut non seulement accroitre la quantite de protcines consommdc, mais aussi bien ameliorer leur qualite. Ainsu un regime & teneur 
moderee de proteine mediocre peut etre transforme en regime h teneur convcnable de proteine de bonne qualild par 1'addition dc petites 
quantites de poisson. On exposera des exemples d'une telle supplementation en amino-acides par la prot&nc du poisson. 

LAS PROTE1NAS DEL PESCADO EN LA NUTRICION Y SU IMPORTANCIA 
EN LA PREVENC10N DE LA MALNUTRICION PROTEICA 

La ma1nutrici6n proteica es el principal problema alimcntario del mundo en la actualidad. La del pescado es una proteina cxcelente 
que no s61o puede incrementar la cantidad consumida, sino tambien mejorar su calidad. Asi, una alimentaci6n con una cantidad moderada 
dc proteina mediocre puede transformarse en otra con una cantidad adecuada dc proteina de buena calidad por adici6n dc pequertas cantidades 
de pescado. Se discutirdn ejemplos de complementaci6n dc aminoacidos con la proteina del pescado. 



THE protein-deficiency diseases of young children, 
kwashiorkor and marasmus, are probably the most 
common and most malignant of all nutritional 
deficiencies. Even the name of kwashiorkor* is probably 
unknown to most medical men who studied nutrition 
before 1950. Although there had been some good 
descriptions of the disease in the "thirties, the syndrome 
was clearly identified only just before the Second World 
War, and recognized for what it is one of the most wide- 
spread scourges of mankind only in the late 'forties. 

Brief consideration of this syndrome (its cause, treat- 
ment and prevention) is probably the best possible 
introduction to a symposium, the ultimate object of 
which is to promote better nutrition through an increase 
in the world-wide consumption of the first-quality 
protein contained in fish. 

Kwashiorkor 

The multiplicity of names by which the disease has been 
termed testifies to its world-wide distribution. Among 
others the following synonyms have been used: malignant 
malnutrition (South Africa), which emphasizes the lethal 
aspects of the disease if untreated ; bouffissure d' Annam 
(Indo-China) Vietnamese swelling, singling out the 
edema; fatty liver of Brahmin children (India) which puts 



* A Gold Coast term, the meaning of which is yet unclear. Some 
say it denotes the disease of the second or displaced child and marks 
its association with weaning; some say the term means red child 
because of the associated dyspigmentation (1). 



the accent on another aspect of the pathology; Sindrome 
Pluricarencial Infantil (Central America) which illustrates 
the fact that protein deficiency is usually accompanied by 
low intakes of the water soluble vitamins. The syndrome 
has even been observed occasionally in the United States. 
R. M. Kark has observed one or two cases in Chicago (2) 
and J believe that sporadic cases have been observed in 
New Orleans. Kwashiorkor merges with other nutritional 
syndromes, such as mehlnahrschaden and marasmus, 
where calorics as well as protein are lacking in the diet (3). 
Kwashiorkor is perhaps best defined as a nutritional 
syndrome (or syndromes) where a deficiency of good- 
quality protein appears to be a dominant factor; it is 
found among many poor populations, especially among 
young children, in which characteristically there occurs: 
(a) retarded growth and maturation, (b) apathy and 
sometimes also irritability, (c) anorexia, (d) diarrhea and 
sometimes vomiting, (c) alteration of color and texture of 
the hair and sometimes of the nails, (/) lesions of the 
skin marking varying degrees of hyperkeratosis, dys- 
pigmentation and desquamation, (g) oedema, (/;) marked 
fatty infiltration of the liver, (/) a heavy mortality in the 
absence of proper dietary treatment. 

Distribution 

We have already noted that the various synonyms for the 
name kwashiorkor (which has become the accepted name, 
since it was endorsed by the World Health Organization 
and the Food and Agriculture Organization of the United 
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Nations) testify to its widespread character. It is found 
wherever tropical peoples subsist on starchy staple foods 
without adequate protein supplements. It has been 
studied particularly thoroughly in Mexico and Central 
America (4), in South America (5), and in Jamaica (6), 
in India (7), in Central and South Africa (8, 9, 10); but 
it is found as well in North Africa, the Near East and in 
many areas of Asia besides India. Its prevalence within 
populations can be extremely high. It has been claimed 
that practically every child in certain African and Central 
American regions, for example, has or has had some 
degree of protein malnutrition bordering on kwashiorkor. 

Etiology 

Lack of proteins, particularly complete proteins, seems 
to be principally responsible for the constant pathologic 
changes. These appear to be the result of a deficiency of 
good-quality protein in general, rather than a deficiency 
of a single amino acid. The disease is rarely observed 
during the period of breast feeding, as long as the supply 
of maternal milk is adequate. It closely follows weaning 
and transfer of the child to starch gruels, when maternal 
milk is replaced by low-grade foodstuffs. 

Pathology and clinical characteristics 

The following signs, symptoms and pathological findings 
are observed: 

( 1 ) Retardation of growth, beginning at the late breast 
feeding, weaning and post-weaning ages. This character 
is fundamental, though common to other conditions such 
as undernutrition due to lack of available calories or to 
anorexia, marasmus and atrophy. In spite of the serious 
growth retardation, the infant with kwashiorkor does not 
always look emaciated or starved. If he has been provided 
with considerable starch or sugar while he was deprived 
of protein, his subcutaneous fat may be appreciable; and, 
particularly if mild oedema is present and dcrmatosis 
absent, the infant may give superficially the appearance 
of good nutrition. (The condition where calories as well 
as protein are deficient, which is also characterized inter 
alia by emaciation, is termed marasmus and differs 
somewhat in pathology and prognosis from kwashiorkor.) 

(2) Oedema. Serum albumin is generally reduced in 
kwashiorkor, and is almost universally reduced to a 
marked degree in oedcmatous kwashiorkor. Relative 
hyperglobulincmia is often present, whether as a com- 
pensatory reaction, as a result of parasitic infestation or 
secondary to liver damage. 

(3) Liver. The liver is usually not palpable, but is 
universally found to be extremely infiltrated with fat, 
frequently to such an extent that the normal lobulation is 
hardly recognizable. 

(4) Dyspigmentation and dermatoses. There may be 
both a reduction of quantity of hair, and skin-pigment 
and qualitative alteration. This must be distinguished 
from hypopigmentation due to admixture with people of 
lighter color in inborn mutations ("half albinos"). Skin 
dyspigmentation due to kwashiorkor can be patchy or 



diffuse and in some cases may cover the entire body. 
Hyperpigmentation is also frequently observed. 

Dermatoses properly speaking do not appear to be the 
same in various regions of the world, and therefore 
probably have several different origins. A most common 
form is an eruption of sharply defined black varnished 
patches on areas exposed to irritation (diaper area, 
buttocks, back, etc.), and not confined to areas exposed 
to sunlight (hand and face), thus permitting differentia- 
tion from pellagra. The hyperpigmented areas may 
become dry, cracked, scaled and peel. In extreme cases 
they may blister and resemble second-degree burns. 

Vascular fragility, ischemia and necrotic lesions are 
also seen in extreme cases in many areas of the world. 

(5) Gastrointestinal disorders, pancreas and duodenal 
enzymes. Mucosal lesions and atrophy, diarrhea and 
deficient intake may be all part of a vicious circle. 
Pancreatic fibrosis is observed, but is by no means a 
constant finding. Drastically reduced lipase, trypsin and 
amylase may be a result of the atrophy of the pancreas 
and duodenal mucosa. 

(6) Psychic changes. Children with kwashiorkor are 
usually apathetic and anorexic. They appear extremely 
miserable, and may be irritable, though they rarely cry. 

(7) Mortality in untreated cases. The mortality in the 
untreated syndrome is very high. Recent studies suggest 
that the heavy mortality is associated with irreversible 
biochemical changes. In the absence of proper treatment, 
the mortality is never less than 30 per cent and in some 
areas goes up to 100 per cent. 

Treatment 

Well-planned treatment is based on our understanding 
of the primary factor in the etiology; i.e. primary 
deficiency of good-quality proteins often associated with 
vitamin deficiency, diarrhea and parasites. Other factors 
taken into account arc the degree of severity of the case, 
the nature and extent of dehydration and electrolyte 
imbalance, and the presence and nature of intestinal 
parasitosis and other infections. 

The main treatment is dietary. In children over 3 years 
old, when the general condition is fair, a complete and 
balanced diet is given from the outset, adjusted to the age 
of the child but consisting largely of skim milk and animal 
protein (2 g. per kg. of body weight per day at the start, 
building up to 57 g. as soon as possible (1 week to 10 
days usually)), fresh vegetables and bananas. Some fat 
can be included as a source of calories after the first few 
days of treatment. In younger children, when the diges- 
tive troubles are slight, milk in the dilution of two parts 
of fresh milk to one part of water (or rice water) may be 
given. In more severe cases increasing amounts of skim 
milk, diluted, should be administered, exercising due 
caution in the process. Skim milk is sometimes acidified, 
as well as diluted to facilitate digestion by producing 
smaller coagulation clots. Treatment may start with 
2-3 g. of protein and 60 calories per kg. of body weight. 
Concentration is progressively increased, so that as soon 
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as possible 6-7 g. of protein per kg. of body weight be 
reached. Within 2 weeks, the caloric intake should be 
built up to 100-120 calories per kg. of body weight. 

If anorexia is intense at the beginning, a nasal tube is 
used. Loss of weight indicates the disappearance of 
edema, and indicates the need for a substantial change 
to a more varied diet. Clinical experience has shown that 
the administration of the vitamin B complex in large 
doses is not only useless but sometimes makes the 
condition worse. Vitamins C and A, in physiological 
doses (the water emulsified form of synthetic vitamin A 
is preferable), are often given in the early treatment, as 
these are the two vitamins lacking in the diet based on 
skim milk. Results of use of lipotopic agents have been 
poor. Vitamin B 12 and folic acid have been used when 
anemia is present and the diet poor in these nutrients. 
Ferrous sulphate (300-600 mg. orally per day) may be 
introduced in the course of the first or second week of 
treatment. Penicillin may be given from the outset as a 
routine precaution against possible infection, which in 
children with kwashiorkor may not manifest itself by 
fever or by elevated white cell count. Children do better 
if they receive personal attention and affection through- 
out treatment. 

The following emergency treatments have given good 
results in severe cases: (a) in marked dehydration, follow- 
ing diarrhea and vomiting (with or without oedema), 
appropriate intravenous electrolyte solutions; (b) in the 
presence of shock or extreme anemia, blood transfusions. 
The treatment of specific diseases such as malaria begins 
by using the less toxic drugs. The treatment of intestinal 
parasitosis is not undertaken until the child has recovered 
sufficiently to start treatment without danger. 

Prognosis in treated cases 

The short-term prognosis of mild cases given full treat- 
ment is good. The frequency of multiple episodes is high 
when home conditions are unfavorable. Recurrences 
take place, not only in children taken home by the 
parents before the cure is complete, but also (though less 
commonly) in children who leave the hospital "clinically 
cured". Relapse usually occurs 3-6 months after the 
child has left the hospital. The clinical state during 
relapse is usually similar, and often more serious than at 
first admission. Mortality rate in such cases continues 
high. 

The prognosis of apparently successfully treated cases 
over a longer or life-span period is not known. It is 
unlikely, from their world distribution, that cirrhosis and 
primary carcinoma of the liver on the one hand, and 
kwashiorkor on the other, are related in any direct 
cause-and-effect manner. Adult cirrhosis may well result 
from the effects of continued protein deficiency and 
parasitosis, infection, and toxic factors on liver already 
damaged in childhood by kwashiorkor. A similar situa- 
tion probably exists in respect to primary carcinoma of 
the liver. 



Prevention 

Proper prevention is based on : 

(1) Increasing the supply of animal proteins, which 
entails development in particular of milk-producing 
livestock (sc. cattle, sheep and goats), of poultry (particu- 
larly egg-laying hens), and of developing proper veterinary 
and processing facilities. The expansion of fisheries, of 
fish farming and of fish processing facilities, offers 
considerable promise; in many cases may be the most 
practicable way of increasing animal proteins. After all, 
fish is one type of edible animal which is not obtained at 
the expense of feed which could have been utilized 
directly for human nutrition. 

(2) Developing proper mixtures of adequate vegetable 
protein, in particular by increasing availability of pulses, 
nuts and green vegetables. 

(3) Eliminating the "hungry months" during which 
incidence of kwashiorkor increases, by developing cash 
crops and other additional sources of income. 

(4) Supplementary feeding programs directed towards 
infants and young children, with emphasis on foods 
providing adequate amounts of good-quality protein. 
Here again fish, fish meal and fish flour can play an 
essential role. 

(5) Education: with the best intentions, young mothers 
in poor tropical countries commit many grave faults in 
the nutrition of their children. When education programs 
in proper nutrition are put into operation, it is usually 
found that changes in traditional patterns of infant and 
small child feeding can be introduced fairly rapidly. 
Maternity and child health centers have had considerable 
influence on nutrition habits. Family dietary habits can 
also be influenced through schools, though in under- 
developed areas girls usually constitute a minority in 
school attendance. Such education programs, whether 
they take place within or outside schools, should empha- 
size the value of fish in the nutrition of young children 
and of pregnant and lactating women. All too often these 
particular groups do not consume fish, because of mis- 
guided ideas about fish digestibility even though there are 
no religious taboos against fish in the population of which 
they are members. 

(6) Social welfare: in poor areas there are usually 
substantial numbers of small children who suffer from 
plain neglect. This situation can only be remedied through 
the work of strong social agencies, which in turn have to 
be educated as regards nutritional requirements of this 
age group. 

Protein requirements 

Consideration of protein deficiencies, such as kwashior- 
kor, quite naturally leads us to the examination of the 
problem of protein requirement. There are at least two 
kinds of such requirements: one concerning the total 
quantity of needed protein, the other concerning the 
quality of such protein (that is essentially the amino acid 
composition of the proteins). Requirement for total 



250 



Fish Proteins for Preventing Malnutrition 



Men 
Women 

Infants 

Children 

Boys 

Girls 



TABLE I 
Food and Nutrition Board, National Research Council recommended daily dietary allowances, 1 revised 1958 

Designed for the maintenance of good nutrition of healthy persons in the U.S.A. 
(Allowances are intended for persons normally active in a temporatc climate) 













Vitamin 




Niacin 2 


Axe. 


Vitamin 


Age Weight Height 




Protein 


Calcium 


Iron 


A Thiam. 


Ribo. 


mg. 


Acid 


D 


Years kg. (Ib.) cm. (in.) 


Calories 


g- 


K- 


mg. 


l.U. mg. 


mg. 


equiv. 


mg. 


LU. 


25 70 (154) 175 (69) 


3,200 s 


70 


0-8 


10 


5,000 


6 




8 


21 


75 




45 70 (154) 175 (69) 


3,000 


70 


0-8 


10 


5,000 


5 




8 


20 


75 




65 70 (154) 175 (69) 


2,550 


70 


0-8 


10 


5,000 


3 




8 


18 


75 




25 58 (128) 163 (64) 


2,300 


58 


0-8 


12 


5,000 


2 




5 


17 


70 




45 58 (128) 163 (64) 


2,200 


58 


0-8 


12 


5,000 


1 




5 


17 


70 




65 58 (128) 163 (64) 


1,800 


58 


0-8 


12 


5,000 







5 


17 


70 




Pregnant (second half) 


-f300 


420 


1-5 


15 


6,000 


3 


2-0 


- 1 


100 


400 


Lactating (850 ml. daily) 


! 1,000 


f 40 


2-0 


15 


8,000 


7 


2-5 


4 2 


150 


400 



Months 














O-l 4 












See 


2-6 


6 


(13) 


60 


(24) 


kg. x 120 


foot- 


7-12 


9 


(20) 


70 


(28) 


kg. > 100 


note 4 


Years 














1-3 


12 


(27) 


87 


(34) 


1,300 


40 


4-6 


18 


(40) 


109 


(43) 


1,700 


50 


7 9 


27 


(60) 


129 


(51) 


2,100 


60 


10-12 


36 


(79) 


144 


(57) 


2,500 


70 


13 15 


49 


(108) 


163 


(64) 


3,100 


85 


16-19 


63 


(139) 


175 


(69) 


3,600 


100 


13-15 


49 


(108) 


160 


(63) 


2,600 


80 


16 19 


54 


(120) 


162 


(64) 


2,400 


75 



0-6 
0-8 



1-0 
1-0 
1-0 

2 
4 
4 
3 
3 



7 
8 

10 
12 
15 
15 
15 
15 



1,500 
1,500 



2,000 
2,500 
3,500 
4,500 
5,000 
5,000 
5,000 
5,000 



0-4 
0-5 



0-5 
0-8 



1-0 
1-3 
1-5 
1-8 
2-1 
2-5 
2-0 
1-9 



8 
11 
14 
17 
21 
25 
17 
16 



30 
30 



35 
50 
60 
75 
90 
100 
80 
80 



400 
400 



400 
400 
400 
400 
400 
400 
400 
400 



1 The allowance levels are intended to cover individual variations among most normal persons as they live in the United States under 
usual environmental stresses. The recommended allowances can be attained with a variety of common foods, providing other nutrients 
for which human requirements have been less well defined. Sec text for more detailed discussion of allowances and of nutrients not tabulated. 

2 Niacin equivalents include dietary sources of the preformed vitamin and the precursor, tryptophan. 60 mg. tryptophan equals 1 mg. niacin. 
:| Calorie allowances apply to individuals usually engaged in moderate physical activity. For office workers or others in sedentary 

occupations they arc excessive. Adjustments musl be made for variations in body size, age, physical activity and environmental temperature. 
4 Sec text for discussion of infant allowances. The Board recognizes that human milk is the natural food for infants and feels that breast 
feeding is the best and desired procedure for meeting nutrient requirements in the first months of life. No allowances are stated for the first 
months of life. Breast feeding is particularly indicated in the first months when infants show handicaps in homeostasis due to different rates 
of maturation of digestive, excretory and endocrine functions. Recommendations as listed pertain to nutrient intake as afforded by cow's 
milk formulas and supplementary foods given the infant when breast feeding is terminated. Allowances arc not given for protein during 
infancy. 



protein has been studied since the second half of the 
nineteenth century. Innumerable experiments have 
established, for example, the fact that there is an 
irreducible need for something of the order of half a gram 
of good-quality protein per kilogram in adult men and 
women (non-pregnant or lactating); the requirements are 
somewhat larger if the protein is not of the best quality. 
(If the protein is very poor, as we shall sec later, no 
amount of protein would actually fulfil the requirement.) 
From a practical standpoint, the best-known table of 
requirements of total protein of mixed origin (animal and 
vegetable) is contained in the recommended dietary 
allowances of the Food and Nutrition Board of the 
National Research Council of the United States (Table I). 
A more rigorous set of values, expressed in terms of 
absolute minimum of first-rate protein without any 
margin of safety, is given in the protein requirement 
committee report of the FAO (13). The second type of 
requirement concerning protein is that for a certain 
quality of protein . . . more specifically, as will be seen, 
for a certain balance of "essential" amino acids. 

Requirements for amino acids are thus quite different 



from requirements for vitamins and minerals. These are 
essentially minimum amounts which have to be provided 
to avoid disease or to insure optimum performance, no 
matter what the rest of the diet may include. Granted, 
there is some relationship between these minimums and 
diet composition. For example, a high carbohydrate diet 
increases the requirement for thiaminc; a high protein 
diet decreases the requirement for nicotinic acid; the 
availability of a large amount of antioxidants (e.g. 
vitamin E) in the diet spares vitamin A, etc. Still, all in 
all, minimum requirements for such nutrients can be 
stated in tables of recommended dietary allowances (11) 
in terms of so many mg. or g. per day, without having 
detailed reference to dietary composition. 

The situation is quite different as regards amino acids. 
While early work (12) formulated the daily requirements 
of amino acid in terms of a minimum (in mg. per day),* it 
has come to be realized (13) that such an approach was 
erroneous. When no less than the "minimum" or the 



* Sometimes multiplied by two to provide for a "margin of safety" 
and to yield an "optimum" daily requirement. 



251 



Fish in Nutrition: Protein 



"optimum" of a given amino acid has been administered, 
it is still possible to throw the subject into negative 
nHrogen balance by administering relative excesses of 
other essential amino acids. In other words, when dealing 
with amino acid requirements we are dealing with need 
for a pattern of essential amino acids. (For that matter 
the pattern of non-essential amino acids may exert some 
influence as well.) There is thus no contradiction between 
the statement that the protein intake of most Americans 
is much higher than requirements and the statement that 
the problem of amino acid requirements may be of 
clinical importance even in the United States. 

The concept of essential amino acids 

This theory of the indispensability of amino acids (i.e. 
that there are amino acids which the body cannot syn- 
thesize, and which have therefore to be provided by the 
diet) goes back to the demonstration by Willcock and 
Hopkins in 1906 that rats could not grow on a diet devoid 
of tryptophan. Two other pioneers, Osborn and Mendel, 
working at Yale, demonstrated that the amino acid 
composition of proteins determined their "biological 
value", i.e. their value as a source of protein for growth 
of experimental animals. It is, however, to Rose (12) that 
we arc indebted for a clear and detailed knowledge of 
indispensable amino acids. He perfected a technique of 
substituting purified amino acids for protein in the diets 
of experimental animals, and of testing, by omitting one 
amino acid at a time, whether growth stopped and 
maintenance became impossible. If growth stopped, the 
amino acid was essential for growth. If maintenance 
became impossible, the amino acid was indispensible for 
maintenance of the adult state as well. The work was 
held up for a number of years by the finding that no 
known mixture of synthetic amino acid could replace a 
casein hydrolysate for the growth of rats. Finally in 1934, 
this "baffling situation" was cleared up by the isolation 
in pure form of a missing amino acid, threonine (14). 
Considerable work over the years led to the demonstra- 
tion that the following amino acids could be classified as 
essential and non-essential for the rat (15). 



Essential amino acids in man 

Rose tackled the problem of amino acid requirements in 
adult man (12, 16, 17) by using mixtures of pure acids as 
the source of nitrogen in his diets. As in his animal 
studies, one or more of the amino acids were omitted. The 
maintenance of nitrogen balance was used as the criterion 
of essentiality of amino acids. It was thus shown that 
valine, methionine, threonine, leucine, isoleucine, phenyl- 
alanine, tryptophan and lysine are essential. The removal 
of histidine and of arginine did not lead to negative 
nitrogen balance (Table II). It thus appears that these 

TABLE II 
Classification of the amino acids with respect to growth effect in rats 



Essential 

Lysine 

Tryptophan 

Histidine 

Phenylalanine 

Leucine 

Isoleucine 

Threonine 

Methionine 

Valine 

Arginine 1 



Non-essential 

Glycine 

Alanine 

Serinc 

Cystine'-' 

Tyros inc :l 

Aspartic acid 

Glutamic acid 

Proline 

Hydroxyproline 

Citrulline 



1 Arginine can be synthesized by rats, but not at a rate sufficient 
to fulfil the requirements for maximum growth. It is thus really in 
an intermediary status, and can be classified cither as essential or 
as non-essential, depending on definition. 

- Cystine can replace about one-sixth of the methionine. It has 
no growth effect in the absence of methionine. 

3 Tyrosine can replace about one-half the phenylalanine. It has 
no growth effect in the absence of phenylalanine. 



two amino acids are not essential in man. The problem 
of elucidating the nature and the daily need of essential 
amino acids was extended to infants by Holt and his 
associates (18), and to women by a number of groups of 
investigators (19, 20, 21, 22). A summary of the results of 
these investigators is presented in Table III. In spite of 
the existence of a considerable body of information thus 
available, the following limitations to our knowledge 
must be recognized: 



TABLE III 

Average minimal requirements for essential amino acids as determined by different workers (13), human data 

Sulfur-containing acids 

Threonine 



Isoleucine Leucine 



Lysine Phenylalanine Methionine Cystine Total 

Average minimal needs, milligrams per kilogram body weight 



Tryptophan Valine 



Men 
Women 

Infants 



10-4 
5-2 

90 



9.9 
7-1 



8-8 
3-3 

90 



4-3 2 

13-3 3 

3-1 4 



88 1 



1-5 
13-2 
4-7 
3-8 
3-4 
3-0 
85 
65 



1 Tyrosine present. 

' 15-9 mg. tyrosine per kilogram; ratio of tyrosinc to tryptophan equals 5-5. 

3 No tyrosine. 

4 15-6 mg. tyrosine per kilogram; ratio of tyrosine to tryptophan equals 7-4. 



11-6 

0-5 

(2-2) 
3-4 

(4-2) 


pres. 



13-1 

13-2 

5-2 

6-0 

6-8 

7-2 

85 



6-5 
3-5 

60 



2-9 
2-1 

30 



8-8 
9-2 

85 
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(1) The number of subjects used in each experiment, 
whether adult men or women or infants, was of necessity 
small. We have thus only limited knowledge of the extent 
of individual variability in amino acid requirements in 
man. Data on amino acid excretion suggest that this 
variability may be appreciable. 

(2) We have no experimental data on requirements 
between infancy and adulthood. In particular, we do not 
know whether the prepuberty growth spurt is accom- 
panied by any qualitative changes in amino acid require- 
ments; an unlikely, but by no means impossible, 
eventuality. 

(3) No explanation is available for the fact that in 
determining of requirements for essential amino acids 
where these were fed as the pure substances, it was 
necessary to provide calories far in excess of normal 
requirements to obtain nitrogen balance. This was 
particularly true in Rose's experiments in adult men. 

(4) The interrelationship between amino acids is such 
that requirements for one arc influenced by intakes of 
others. The "minimum" values obtained when one 
amino acid is dropped from the mixture fed to the 
subject, and its intake gradually built up until nitrogen 
balance is reached, are of necessity a function of the 
intake of the other essential amino acids. For example, 
while the view had been generally held that imbalance 
among amino acids was unlikely to occur when only 
natural foods were ingested, it has been recently shown 
(23) that the amount of leucine in corn may be large 
enough to increase the requirements for isoleucine. 

(5) The human requirements for amino acids are 
obviously influenced by a number of additional factors 
such as the caloric value of the diet, the sparing of protein 
by carbohydrate and fat, and the timing of the intake 
of foods containing proteins. 

(6) The experiments referred to above were carried 
out under experimental conditions designed to spare the 
essential amino acids from the need to contribute to the 
synthesis of the unessential ammo acids. Unless the 



latter arc in ample supply, the need for essential amino 
acids will be increased. For example, under experimental 
conditions where low levels of protein intake are obtained 
from milk, certain non-essential forms of nitrogen are 
limiting and the need to synthesize these creates a demand 
beyond the minimal requirements (18). Generally speak- 
ing, in man as in experimental animals, the pattern as 
well as the amount of non-essential amino acids may be of 
importance. 

(7) Finally, in man as well as in experimental animals, 
the ability of the non-essential amino acids (cystine and 
tyrosine) to spare much of the required methionine and 
phenylalanine respectively is of relevance in determining 
requirements for these two essential amino acids. 

The FAO provisional pattern of human amino acid 
requirements 

The international committee, which met in 1957 in Rome 
under the sponsorship of the Food and Agriculture 
Organization to draw practical recommendations con- 
cerning protein requirements, was struck by the fact that, 
while the amounts of essential amino acids found by 
various investigators to be needed by men, women, and 
infants varied considerably (Table 111) the pattern of 
requirements for each amino acid in relation to the 
others was much more constant. In particular, it noted 
that, if the amount of (for example) tryptophan found to 
be required in the experiments cited above was taken as 
unity and the proportion of other amino acids given in 
Table 111 was recalculated to give the pattern given in 
Table IV, the variability of amino acids requirements is 
considerably reduced. That this reduction in variability 
was not simply an artifact of presentation is confirmed by 
the repeated demonstrations of interrelationship between 
requirements for the various amino acids. Another 
indication of the value of this approach is the remarkable 
similarity between patterns of human requirements and 
the patterns of essential amino acids in the proteins of 
"high biological value" (eggs, fish, meat, milk, etc.); i.e. 



TABIF IV 

Pattern of essential amino acids, when requirements are expressed in relation to tryptophan (13) 

Sulfur-containing acids 



Men 
Women 



Isoleucine 
3-6 

2-5 



3-0 



Infants 
Provisional 
pattern 3-0 



Leucine 
3-4 

3-3 



3-4 



Lysine 
3-0 

1-6 



3-D 1 
3-0 



Phenylalanine 


Methionine 


Cystine 


Total 


Threonine 


Tryptophan 


Valine 


(1-5 2 


0-5 


4-0 


4-5) 


2-2 


1-0 


3-0 


(4-6 3 


4-6 





4-6) 








1-5 4 


(2-2 


0-3 


2-5) 


1-7 


1-0 


4.4 




(1-8 


(1-0) 


2-8) 










(1-6 


1-7 


3-3) 










(1-4 


(2-0) 


3-4) 








3-D 1 


(2-8 





2-8) 


2-0 


1-0 


2-8 



20 r ' 



1-6 



1-4 



3-0 



1 Tyrosine present. 

2 15-9 mg. tyrosine per kilogram; ratio of tyrosine to tryptophan equals 5-5. 

3 No tyrosine. 

4 15-6 mg. tyrosine per kilogram; ratio of tyrosine to tryptophan equals 7-4. 

5 Assumes about 5-0 mg. per kilogram of tyrosine; ratio of tyrosine to tryptophan equals about 2-0. 



2-0 



1-0 



3-0 
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those proteins found to be the most efficient in fulfilling 
human requirements. 

It thus appeared reasonable to the FAO committee to 
express amino acid requirements in terms of an ideal 
proportion of essential amino acids, using their collective 
judgment to evolve such a provisional pattern on the 
basis of results of determinations of amino acid require- 
ments in man. Table V describes this provisional pattern 
in terms of grams of the essential amino acids per 100 g. 
of protein and of milligrams of essential amino acid per 
gram of nitrogen. In both cases a balance between essen- 
tial and non-essential amino acids in the total protein has 
been arrived at by determining arbitrarily that the 
proportion of tryptophan is the same for the protein 
corresponding to the provisional pattern and for cow's 
milk. Table V gives, besides the proportions of essential 

TABLE V 

Essential amino acids in provisional pattern and milk and egg and fish 
proteins (13) 

Fish 

Provisional Cow\\ Human Meal 

pattern milk milk Egg Protein 



Grams amino acid per 100 g. protein 


Isoleucine . 4-2 


6-4 


6-4 


6-8 


6-8 


Leucinc . 


4-8 


9.9 


8-9 


9-0 


9-3 


Lysine . 


4-2 


7-8 


6-3 


6-3 


9-0 


Phenylalaninc. 


2-8 


4.9 


4-6 


6-0 


3-5 


Tyrosine 


2-8 


5-1 


5-5 


4.4 


5-0 


Sulfur-containing: 












Total . 


4-2 


3-3 


4-3 


5-4 


6-3 


Mcthionine 


2-2 


2-4 


2-2 


3-1 


5-3 


Threonine 


2-8 


4-6 


4-6 


5-0 


i 


Tryplophan . 


1-4 


1-4 


1-6 


1-7 


1-0* 


Valine . 


4-2 


6-9 


6-6 


7-4 


5-9 



1 Figure not available. 

2 Value uncertain and probably higher. 



amino acids in the provisional pattern and in cow's milk, 
the proportions in human milk and egg, two other 
superior sources of protein. It also gives for purposes of 
comparison a composite analysis of the amino acids of 
fish meal. It will be seen that this, too, is a source of first- 
rate protein. 

Practical applications of these concepts 

The provisional amino acid pattern is being used by FAO 
and other international agencies concerned with the 
feeding of populations as a guide to the supplementation 
of protein-poor diets. For example, Table VI prepared by 
the Nutrition Division of FAO (24) shows how the 
pattern can be used to realize supplementation of diets 
consisting mainly of wheat, rice, maize by relatively small 
amounts offish meal. 

The United States Department of Agriculture has 
compiled tables giving the amino acid content of foods 
(25). These were established for 316 items and expressed 
in amino acids per gram of total nitrogen in edible 
proteins of foods, and amino acid content per 100 g. of 
edible protein. The amino acids determined are: trypto- 



phan, threonine, isoleucine, leucine, lysine, methionine, 
cystine, phenylalanine, tyrosine, valine, arginine, histi- 
dine, alanine, aspartic acid, glutamic acid, glycine, 
proline and serine. The maximum, minimum and average 
content is given for the values found in samples of each 
item. 

The Commonwealth Bureau of Animal Nutrition 
(Great Britain) has also published a compilation of amino 
acid contents of foods and feedingstuff (26). The avail- 
ability of such tables makes it possible to calculate the 
"protein score" of a given foodstuff or diet. This protein 
score is the percentage of relative requirement furnished 
by the food material for the amino acid found to be most 
deficient in that particular food or diet when compared 
with the provisional pattern. In other words, the protein 
score measures the extent to which a food or food 
combination supplies the limiting amino acid as com- 
pared to the provisional pattern. Precise concordance 
cannot be expected for each food owing to the inaccuracy 
of our knowledge of amino acids requirements in man, 
and of the amino acid composition of foods, and to the 
partial unavailability of amino acids in certain poorly 
digestible foods. Results arc good enough to suggest as a 
rough guide that foods and food mixtures with a protein 
score (or a biological value) of 60 or less arc unsatisfactory 
for growth and maintenance, and that a protein score of 
70 or more is required for growth. 

Conclusion: The importance of fish in the prevention of 
protein deficiency 

1 hope that by now the case has been clearly made that 
fish protein not only constitutes a very welcome addition 
to the total amount of protein in deficient diets, but that 
it also permits the supplementation of dietary protein of 
bad quality. In other words, it not only increases total 
protein, but its addition makes a poor or mediocre 
protein mixture a supplemented protein of adequate 
quality. 

There are very few areas of the world where judicious 
addition offish protein is not only nutritionally feasible, 
but also entirely acceptable. Granted, there arc some 
areas such as certain parts of India (or at least certain 
population groups) where there are taboos against almost 
all animal proteins including fish. Such areas or popula- 
tion groups, however, are exceptional. My experience in 
India and in Africa has been that the majority of the 
populations is already using fish, and will use it whenever 
available. And whilst in many cases it remains a problem 
that those population groups which most need the fish 
protein are forbidden by custom not by religious 
taboos from consuming it, it is usually relatively easy 
to change such preconceptions by education. This has 
already been done successfully in many parts of the world. 
The fish consumption campaign conducted by FAO in 
Morocco is an example in point. 

I should like to make a special plea before concluding 
this paper. It has been my personal observation that in 
some areas there has been excessive concern with the 
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Fish Proteins for Preventing Malnutrition 

TABLE VI 
Effect of fish meal supplementation on diets consisting mainly of wheat, rice or maize 

i i i i i i , i i * .. * 

SllSlll-l 

Foods 

Wheat, whole soft 
Rice, white 
Maize, whole 
Fish meal, example 

Wheat supplementation 

Requirements, child 9 kg. 990 31-5 M3 0-57 0-81 3-82 1-53 0-77 1-52 0-78 1-45 0-27 

Wheat, whole soft 250 g. 832 26-2 1-20 0-60 1-12 1-98 0-75 0-70 1*42 0-92 1-20 0-35 

Non-covered needs 158 5-3 - 1-84 0-78 0-07 0-10 0-25 

Fish meal supplement 

(P) ] 7g. 26 5-3 0-42 0-14 0-31 0-48 0-50 0-14 0-23 0-27 0-34 0-04 

Fish meal supplement 

(P \ A) 1 1 g. 40 8-3 0-67 0-22 0-48 0-75 0-78 0-22 0-36 0-42 0-53 0-07 

Rice supplementation 

Requirements, child 9 kg. 990 31-5 1-13 0-57 0-81 3-82 1-53 0-77 1-52 0-78 1-45 0-27 

Rice, white 250 g. 900 16-8 1-28 0-30 0-92 1-45 0-58 (0-5) 0-88 0-68 1-10 0-22 

Non-covered needs 90 14-7 0-27 2-37 0-95 0-3 0-64 0-10 0-35 0-05 
Fish meal supplement 

(P i A) -20 g. 73 15-0 1-21 0-39 0-88 1-36 1-42 0-39 0-66 0-76 0-96 0-12 

Maize supplementation 

Requirements, child 9 kg. 990 31-5 M3 0-57 0-81 3-82 1-53 0-77 1-52 0-78 1-45 027 

Maize, whole 250 g. 890 23-8 1-15 0-60 1-52 3-55 0-55 0-72 1-20 0-88 1-25 0-15 

Non-covered needs 100 7-7 0-27 0-98 0-05 0-32 - 020 012 

Fish meal supplement 

(P) J 10g. 36 7-5 0-61 0-20 0-44 0-68 0-71 0-20 0-33 0-38 0-48 0-06 

Fish meal supplement 

(P \ A) -20 g. 72 15-0 1-21 0-39 0-88 1-36 1-42 0-39 0-66 0-76 0-96 0-12 

1 (P) supplement necessary to cover deficit in total protein. 

2 (P -f- A) supplement necessary to cover deficit in total protein and deficits in amino-acids not already covered by (P) (leucine excepted). 

Note to Table VI 

More specifically this table illustrates the supplementary effect of the essential amino acids of edible fish meal when added to diets con- 
sisting mainly of cereals, in the case of a 9 10 months old infant weighing about 9 kg. who, for one reason or another, no longer receives 
mother's milk. (It is realized that under usual conditions in underdeveloped areas, many children of this age will still receive some milk from 
the breast, but this is often a decreasing and by then unreliable amount). 

It will be observed that, theoretically, a fish meal supplement of 7 g. per day will supply the balance of total protein required, and also a 
few essential amino acids, not covered by a daily intake of 250 g. wheat. The addition of a further 4 g. fish meal will meet the total require- 
ment for lysine, but not that for leucine. 

In the case of mai/c, the leucine requirement is covered by the 10 g. fish meal added to meet the total protein deficit, but a greater amount 
of fish meal is needed to meet the requirements for lysine and tryptophan. With rice, which has a relatively low protein content, a greater 
supplement of fish meal is necessary to cover the protein and amino acid requirements. Here, as in the case of wheat, the leucine require- 
ment is not fulfilled. With respect to these leucine deficits, it may be noted that if, instead offish meal, dried skimmed milk were added to the 
wheat and rice "diets" (on a comparable protein basis), the leucine requirement would remain uncovered. 

Sources of information used in Table VI 

Calorie requirements: Calorie Requirements, FAO, 1950. 

Protein requirements: Recommended Dietary Allowances, N.R.C., U.S.A., 1953. 

Amino acid requirements: A. A. Albanese. Protein and Amino-acid Requirements of Mammals, 1950. 

Caloric and protein contents: FAO Food Composition Tables for International Use, 1949 and 1954. 

Amino acids in fish meal: Deas, Ncy, Tarr. Amino acids in fishing products. II. Progr. Rep. Pacific Coast Sta., Fish Res. Bd., Canada, 

No. 77, December 1948. 
Amino-acids in other foods: Block and Boiling. The Amino Acid Content of Protein and Foods, 1951 . 

preparation of an odorless, and for that matter tasteless, nutritional results could be obtained more cheaply by 

fish flour. West African populations, for example, like providing them with dried fish. Granted, if fish flour is 

fish, and are used to consuming dried fish with a strong required for special use such as fortification of bread 

smell and taste. There is very little point in trying to flour or manufacture of infant food there is justification 

provide them with a tasteless, odorless fish flour, which for it. In most areas, however, it seems to me that the 

they often do not know how to market, when the same production of fish flour has been a waste of time, and it 
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would have been more useful to simply teach mothers to 
use dried fish to make an acceptable food for small 
children. 

REFERENCES 

(1) WILLIAMS, C. D. (1933). A nutritional disease of child- 

hood associated with a mai/e diet. Arch. Dis. Child., 
8, 1423. 

(2) KARK, R. M. Personal communication. 

(3) MAYER, J. (1959). Ghana: a challenge to nutritionists. 

Nutrition Reviews, 17, 193. 

(4) AUTRET, M.,and BEHAR, M. (1954). Sindrome Policaren- 

cial Infant il (Kwashiorkor) and its Prevention in 
Central America, FAO Nutritional Studies No. 13, 
Food and Agriculture Organization of the United 
Nations. Rome. 

(5) WATKRLOW, J., and VERGARA, A. (1956). Protein 

Malnutrition in Brazil. FAO Nutritional Studies, 
No. 14. Food and Agriculture Organization of the 
United Nations. Rome. 

(6) WATERLOW, J. C. Fatty liver disease in infants in the 

British West Indies. Spec. Rep. Ser. Med. Res. 
Counc. London, No. 263. H.M. Stationery Office, 
London. 

(7) GOPALAN, C. (1955). In: Conference on Protein Mal- 

nutrition. Proceedings of a conference held in 
Jamaica. Waterlow, J., Ed. University Press. 
Cambridge. 

(8) BROCK, J. F., and AUTRH, M. (1952). Kwashiorkor in 

Africa. WHO Monograph. Series No. 8. Geneva. 

(9) TROWFLL, M. C., DAVIES, J. N. P., and DFAN, R. F. A. 

(1954). Kwashiorkor. Edward Arnold, London. 

(10) BROCK, J. F., HANSFN, J. D. C., HOWF, E. F., PRLIORIUS, 

P. J., DAVEL, J. G. A., and HENDRICKSF, R.G.(1955). 
Kwashiorkor and protein malnutrition. A dietary 
therapeutic trial. Lancet, 2, 355. 

(11) Recommended Dietary Allowances, Food and Nutrition 

Board, National Research Council, 1958. Publication 
589, National Academy of Sciences. Washington, 
D.C. 

(12) Rosr, W. C. (1949). Amino acid requirements of man. 

Federation Proc., 8, 546. 

(13) Protein Requirements. Report of the FAO Committee. 

Food and Agriculture Organization of the United 
Nations. Rome, 1957. (FAO Nutritional Studies 
No. 16. Columbia University Press International 
Documents Service. New York, N.Y.) 



(14) McCov, R. H., MAYER, C. E., and ROSE, W. C. (1935). 

Feeding experiments with mixtures of highly purified 
amino acids. /. Biol. Chem., 112, 283. 

(15) ROSE, W. C., OFSTERLING, M. J., and WOMACH, M. 

(1948). Comparative growth on diets containing ten 
and nineteen amino acids with further observations 
upon the role of glutamic and aspartic acids. J. Biol. 
Chem., 176, 753. 

(16) ROSE, W. C., WIXOM, R. L., LOCKHART, H. B., and 

LAMBERT, G. F. (1955). The amino acid requirements 
of man. XV. Valine requirement : Summary and final 
observations. J. Biol. Chem., 217, 987. 

(17) ROSE, W. C., and WIXOM, R. L. (1955). The amino acid 

requirements of man. XVI. The role of the nitrogen 
intake. J. Biol. Chem., 217, 997. 

(18) HOLT, L. E., JR., and SNYDERMAN, S. E. (1956). In: 

Some Aspects of Amino Acid Supplementation. 
Rutgers University Press. 

(19) LEVERTON, R. M. (1956). The quantitative amino acid 

requirements of young women. 1. Threonine. 
J. Nutr., 58, 59, 83, 219, 341, 355. 

(20) JONES, E. M., BAUMAN, C. A., and REYNOLD, M. S. 

(1956). Nitrogen balances of women maintained on 
various levels of lysine. J. Nutr., 60, 549. 

(21) SWHNSEID, M. E., WILLIAMS, I., and DUNN, M. S. (1956). 

Amino acid requirements of young women based on 
nitrogen balance data. I. The sulfur-containing 
amino acids. J. Nutr., 58, 495. 

(22) SWFNSEID, M. E., and DUNN, M. S. (1956). Amino acid 

requirements of young women based on nitrogen 
balance data. 11. Studies on isoleucine and on 
minimum amounts of the eight essential amino acids 
fed simultaneously. J. Nutr., 58, 507. 

(23) HARPER, A. E., BFNTON, D. A., WINJF, M. E., and 

ELVEHJEM, C. A. (1954). Leucine-isoleucine anta- 
gonism in the rat. Arch. Biochem. Biophys., 51, 523. 

(24) Note on Protein Supplements for Children, prepared by 

the Nutrition Division of FAO. (FAO/58/ 1 1/8575). 

(25) Amino Ac id of Foods. Home Economics Research Report 

No. 4. United States Department of Agriculture, 
1957. For sale by the Superintendent of Documents, 
U.S. Government Printing Office. Washington 25, 
D.C. 

(26) Tables of the Amino Acids in Foods and Feedingstuffs. 

Technical Communition No. 19, 1956. Common- 
wealth Bureau of Animal Nutrition. Rowett Institute, 
Buchsburn, Abcrdeenshire, U.K. 




Arkansas, U.S.A. (see next page), may be rearing 
pond fish profitably and satisfactorily but it is only 
copying a well established practice from the Far 
East, where the village fish pond provides much 
satisfactory food. These ponds are being exten- 
sively encouraged and developed by FAO through- 
out Asia, Indonesia and Africa as well as in 
Mexico and South America. 
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THE NUTRITIVE VALUE OF BUFFALO FISH AND OTHER 
ARKANSAS POND-REARED FISH 

by 
M. C. KIK 

Little is known about the nutritive value of buffalo fish and other fish species cultivated in ponds and rice fields in Arkansas. 

This paper reports results of growth and metabolism experiments with young rats fed on diets composed of buffalo fish and other 
fish species as the only source of protein. Jt includes a study of the effect of replacing cereal proteins with those of buffalo fish; 1, 3, and 5 
per cent of those solids replaced equivalent amounts of proteins in cereal grain rations, in which the protein level remained the same. Another 
series of experiments was made on the effect of adding small amounts of those solids which increased the protein level slightly. The amino 
acid content was determined by the proteins of these fish species. The cereal grains included whole and milled rice, whole and milled rice flour, 
whole and milled yellow corn, milled white corn, whole barley and whole and milled wheat. 

The animals were 28-32 days old; ad libitum and paired feeding experiments of 70 days' duration were used. Each group consisted of 
6 males and 6 females; they were weighed weekly and daily feed consumption was recorded. From these data efficiency ratios (PhR) were 
calculated, expressed as gain in body weight per g. of protein intake. Large quantities were obtained of big mouth buffalo, sc. Jctiobus 
cyprinellus (Valenciennes); large mouth black bass, sc. Micropterus salmoides (Lacepede); red cat fish, Ictalurus nebulosus (Le Sueur); and 
gizzard shad, Dorosoma cepedianum (Le Sueur). They were pond-reared, or reared in irrigated rice fields. The fish material was frozen, 
dried at room temperature with the aid of fans, and the fat extracted with petroleum ether. The protein content of the fat-free buffalo fish was 
79-1 per cent, of bass 73-5 per cent, of red cat fish 76-6 per cent, of gizzard shad 59-6 per cent. 

Table I gives results of growth experiments of rats fed on buffalo fish at a 9 per cent protein level. The value obtained for this species 
compared favourably with those obtained for whole egg, whole milk, non-fat dry milk solids and lactalbumin, all of which are considered 
to contain good protein. 

Results of the supplementary value experiments revealed that small amounts of the proteins of fish had a supplementary effect for the 
proteins of milled and whole grains. Table II shows results for milled and whole rice. 

The fish-supplemented cereal grains were more efficiently utilized, and promoted better growth, as a result of the smaller losses of 
nitrogen in metabolism. Table III shows results for milled and whole rice. 

The proteins of these fish species are very high in the essential amino acids : lysine, threonine, tryptophan and melhioninc. 

This might explain their supplementary effect on the proteins of whole and milled cereal grains, which are noted for the low content 
of lysine and tryptophan in corn, and of lysine in other grains. It is concluded that these fish species have a high nutritive value and arc 
good supplements for whole and milled cereal grains. 

(Aided by a grant of the National Institutes of Health, Bethesda, Maryland). 

LA VALEUR NUTRITIVE DU "BUFFALO FJSH" ET AUTRES POISSONS D'HTANGS DE L'ARKANSAS 

On sail peu de la valeur nutritive du "buffalo fish" el des autres especes de poisson elevccs dans les marais et les rizieres de r Arkansas. 

Dans cet article on expose les resultats d'elevage et d'cxnericnces de metabolisme avec de jeunes rats nourris dc regimes composes 
de "buffalo fish" et d'autres especes de poissons comrne source unique de proteines. On y a inclus une elude sur les effets du remplacement des 
proteines de cereales par celles du "buffalo fish"; 1 ",' 3" <( et 5" de ces solides remplacaient des montants equivalents de proteines dans des 
rations de ceniales, ou le taux de proteines restait le meme. On a effectue d'autres series d'experiences sur les effets obtenus en a j out am de 
petites quantites de ces solides qui elcvaicnt legercment le taux de proteines. On a determine la teneur en amino-acides sur les proteines de ccs 
especes dc poissons. Les cereales comprenaient du ri/ entier et decortique, de la farine de ri? entier et decortiquc, du mai's juune entier et 
decortique, du ma'is blanc entier et decortique;, de Torge entiere et du ble entier et decortique. 

Les animaux etaient ages de 28 a 32 jours; des experiences d'alimcntation ad libitum et appariees se sont poursuivics durant 70 jours. 
Chaquc groupe etait compose de 6 males et dc 6 femelles. On a calcule depuis les donnecs oblenues les rapports d'efiicacite proteiques, 
exprimes en gain de poids par gramme de proteine absorbee. 

On a reuni une grande quantite de "big mouth buffalo" (Ictiobus cyprinellus, Valenciennes), dc "large mouth black bass" (Micropterus 
.\almoides, Lacepede), de "red cat fish" (Ictalurus nebulosus, Le Sueur) et de "gi//ard shad" (Dorosoma cepedianum, Le Sueur), qui etaient 
eleves en etangs et en ri/Jeres irriguees. Cet ensemble de poissons a ete congele, seche a la temperature de laboratoirc a Taide de ventilateurs, 
et degraissc a Tether de petrolc. La teneur en proteine du "buffalo fish" sans graisse etait de 79, 1 ; cello de la "bass" de 73,5 " ; cellc du "red 
cat fish" de 76,6 et cello du "gizzard shad" de 59,6 " . 

Le tableau 1 donne les resultats des experiences de croissance sur des rats nourris aux "buffalo fishes" a un taux de 9" n de proteines. 
La valeur obtenue pour ces especes sc laissc favorablement comparer avec celles obtenues pour Toeuf entier, le lait entiei, les solides et la 
lactalbumine du lail sec sans graisse, produits considered tous comme riches en bonnes proteines. 

Les resultats des experiences sur la valeur de supplementation a revele quo do pelites quantites de proteines de poisson ajoutent un 
effet supplementaire aux proteines des cereales entieres et ddcortiquecs. Le tableau II montre les resultats obtenus avec du ri/ decorliquc et 
ontior. 

Les cereales suppl6mentees en poisson etaient utilisees en nutrition d'une facon plus efticace, et elles amenaiont une meilleure crois- 
sance en consequence de pertes diminuees en azote dans le metabolisme. 

Le tableau III presentc les r6sultats pour le riz decortique et entier. 

Les proteines de ces especes de poissons sont tres riches en acides amines essentiels; lysine, threonine, tryptophane ct mcthionine. 

Ce fait peut expliquer Teffet de supplementation des proteines de ces poissons sur cello des cereales entieres et decortiquees qui sont 
connues pour leur fa i ble tonour en lysine et en tryptophane dans le cas du mai's, et en lysine dans le cas des autres cereales. On en conclura 
que ces especes de poissons offrent une haute valeur nutritive, et sonl de bons supplements pour les c6reales entieres et decortiquecs. 

(Aide par une subvention des National Institutes of Health, Bethesda, Maryland). 

EL VALOR NUTRIT1VO DEL "BUFFALO FISH" Y OTROS PECES DE ESTANQUE DE ARKANSAS 

Se sabe muy poco del valor nutritivo del "buffalo fish" y otras especies de peces cultivadas en estanque y arro/ales en Arkansas. 

Este articulo da los resultados de los experimentos de crecimiento y metabolismo con ratas jovenes alimentadas con raciones com- 

puestas de "buffalo fish" y otras especies de peces como unica fuento de proteina. Se incluye un estudio del efecto de reemplazar las proteinas 
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cereales por las del "buffalo fish"; 1, 3, y 5% de estos solidos reempluzaron cantidades equivalentes de proteina en las raciones de cereales, 
en las que la concentraci6n de proteina se mantuvo constante. Se rcaliz6 otra serie de cxpcrimentos sobre los cfectos de la adicidn de pequeftas 
cantidades de estos s61idos que clcvaban ligeramente la concentracion de proteina. Se determin6 el contenido de aminoacidos de las proteinas 
de estas especies de peces. Los cereales comprcndian arroz entero y pulido, harina dc arroz integral y pulido, maiz integral y molido, maiz 
bianco molido, cebada entera y trigo entero y molido. 

Los animales tenian de 28 a 32 dias de edad. Los experiments de alimentacion ad libitum y pareada duraron 70 dias. Cada grupo 
estaba compuesto por 6 machos y 6 hembras que se pesaron semalmente; se tom6 nota del consume diario de alimento. A partir de estos 
datos se calcularon las relaciones dc eficacia de la proteina (RHP) que se expresaron como aumcnto del peso del cucrpo por gramo de proteina 
ingerida. 

Se obtuvieron grandes cantidades de "big mouth buffalo", (Ictiohus cyprinellus, Valenciennes), "large mouth black bass" (Micropterus 
salmoides, Lacepede), "red cat fish" (Ictalurus nebulosus, Le Sueur), y "gizzard shad" (Dorosoma cepedianum, Le Sueur), criados en estanques 
y arrozales. El conjunto del pescado se congclo, se seco a la temperatura ambientc con ayuda de ventiladores, y se extrajo la grasa con eter 
de petroleo. El contenido de proteina del "buffalo fish" sin grasa era de 79,1 /;,; el de "bass" dc 73,5%; el de "red cat fish" de 76,6%; y 
el de "gizzard shad" de 59,6%. 

En la tabla T se dan los resultados de los experimentos de crccimiento con ratas alimentadas con "buffalo fish" a la concentracion 
dc proteina de 9 %. El valor obtcnido para csta especie se compara favorablemente con los obtenidos para huevo entero, leche entera, sblidos 
y lactalbumina de leche en polvo desgrasada, productos considerados como ricos en buena proteina. 

Los resultados de los experimentos sobre el valor de suplementaci6n revelan que pequenas cantidades de proteinas de pescado 
tenian un efecto suplementario para las proteinas de los cereales enteros y descorticados. La tabla II da los resultados para el arro/ pulido 
y entero. 

Los cereales con complementos de pescado se aprovechaban mas eficazmente y producian un mayor crecimiento como resultado dc 
Las perdidas mas pequenas de nitr6geno en el metabolismo. La tabla III presenta los resultados para el arroz entero y pulido. 

Las proteinas dc estas especies de peces son muy ricas en los aminoacidos esenciales: lisina, treonina, tript6fano y metionina. 

Esto puede explicar el efecto complementario dc las proteinas de los cereales enteros y descorticados que son conocidos por su bajo 
contenido de lisina y triptbfano, en el caso del maiz, y de lisina en el dc otros cereales. Se llega a la conclusion de que estas especies de 
peces tienen un alto valor nutritivo, y son bucnos complementos dc los cereales enleros o descorticados. 

(Con la ayuda de una subvcnci6n delos "National Institutes of Health", Bethesda, Maryland). 



TABLI. I 

Comparative nutritive value of high protein foods 
9 per cent protein level 



TABU- III 
Effect of buffalo fish on milled and whole rice in metabolism 



Ration 



Fish (Buffalo) 
Chicken meat 
Whole egg 
Whole milk 
Skim milk 
Lactalbumin 



Protein 
intake 

8* 

83-0 
80-7 
78-9 
72-5 
89-3 
72-5 



Gain 

8- 

177-5 
169-1 
142-2 
148-3 
187-0 
179-0 



Protein 
efficiency ratio 

2-14 
2-09 
1-78 
2-04 
2-08 
1-79 



Ration 



Milled rice 
Rice 3 " B.T. 
Whole rice 
Ricc3 B.F. 



Biological True Net protein 

value digestibility utilization Increase 



72-7 
89-5 
86-1 



88-7 
92-9 
85-7 
93-6 



64-1 
83-1 

75-5 
85-8 



29-7 
13-6 



TABLE II 

Relative supplementary value of fish to rice 
Paired feeding 



Ration 



White rice 
Rice 3 bass 
Rice 3 catfish 
Rice 3 % buffalo 

Brown rice 
Rice 3% bass. 



Protein 
intake 

g. 

36-2 
36-2 
36-2 
36-2 

43-0 
43-0 



Gain 

K. 

79-2 

91-8 

106-8 

132-5 

88-8 
121-3 



Protein 

% efficiency % 
increase ratio increase 



15-9 

34-8 
67-4 



36-6 



2-18 
2-53 
2-83 
3-65 

2-06 

2-82 



16-0 
30-0 
67-4 



36-9 



TABLF IV 
Amino acid content in white milled rice and buffalo fish 



Cystine 
Lysine . 
Methionine 
Threonine 
Tryptophan 



Rice 



0-05 
0-22 
0-23 
0-31 
0-05 



Fish 



1-50 
6-50 
2-60 
3-70 
0-80 
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VALOR BIOLOGICO DE PESCADOS DE CONSUMO EN ESPANA. 
INFLUENCIA SOBRE EL MISMO DE ALGUNAS TECNICAS 

DE CONSERVACION 

por 
G. YARELA, A. PUJOL, y O. MORETRAS 

Se estudia el valor bio!6gico (V.B.) de la proteina por el metodo de Mitchell en ratas en crecimiento de los siguientcs pescados: 

(1) Dos crustaceos, langosta (Palinurus vulgar is) y gamba (Parapenaceas longirostris). Siendo el mas elevado el de la langosta 
(88,2 0,5) quc el dc la gamba (74 i 1,6). 

(2) Tres moluscos de los que dos eran sin concha, pulpo (Octopus vulgaris) y calamar (Loligo vulgaris) y uno con concha: chirlas 
(Mactra helvacea). En este grupo el V.B. mas elevado es el del pulpo (83,5 -i 0,4), y el mas inferior el dc las chirlas (77,7 : 0,5), 
teniendo un valor inlermedio el calamar (81,7 rt 0,6). 

(3) Cuatro peces, merluza (Merlucius merlucius), corvina (Sciaena regia Assolt), rsipc(Lophius piscatorius)y bacalao (dadus morrhua). 
Encontrandose que el valor bio!6gico mas elevado es el de la merluza (88,8 1 0,3) y el mas bajo el bacalao (82,2 n. 1,5). No se 
observa diferencia significativa entre la merluza fresca (V.B. 88,8 ! 0,3) y la congelada (88,3 0,2). La corvina fresca presenta 
un V.B. mas elevado que la congelada, siendo estos valores 87,9 _L 0,4 y 85,4 t 0,9 respectivamente. El V.B. de un pescado 
conservado en salaz6n, bacalao, cuyo valor es de 82,2 i 1,5, estzi comprendido entre el pulpo y el calamar. 

La digestibilidad de la harina de Patexo (Polybius Henshwi Leach), es de 78,74 :f 2,5, en cuanto a su proteina y de 83,71 : 1 ,2 de su 
grasa. La digestibilidad total dc su sustancia seca es de 84,83 0,9. La calidad biologica de su proteina juzgada por su coeficiente de cficacia 
en crecimiento, es muy deficiente. 

En relation con el hielo antibi6tico, los resultados obtenidos fueron : Coeficiente de digestibilidad en cl gato de la proteina de merluza 
sin antibiotico 99,1 ! 0,25; con aureomicina 98,8 J 0,2; con cloromicetina, 98,7 0,1; con pcnicilina 98,6 r 0,3; con estreptomicina 
98,4 d. 0,4; con biostat HC 95,6 j 1,8. Por tanto, los antibioticos ensayados no ejerccn acci6n sobre la utilizacion digcstiva de dietas pam- 
proteicas de pescado. 

En rclaci6n con la digestibilidad de la proteina de merluza frita en las diferentes grasas culinarias, los resultados encontrados fueron 
segun cl tipo de grasa utilizada: en mantequilla, 79,36; en margarina, 90,37; en manteca de cerdo, 91,57; en aceite dc oliva, 77,16; en aceite 
de algodon, 85,73; en aceite dc soja, 88,79. Los coeficientes deeficacia en crecimiento para la misma proteina fueron: en mantequilla, 2,35; 
en margarina, 1,94; en manteca de cerdo, 2,04; en aceite de oliva, 2,36; en aceite de algodon, 2,15; en aceite de soja, 2,53. 

El valor biologico de la proteina de la sardina fresca es por cl metodo de Mitchell de 71,8; su coeficiente de digestibilidad verdadera 
de 95,4 y su coeficiente de utilizacion neta de la proteina, de 68,6. 

Para las sardinas conscrvadas enlatadas en aceite los valores se transforman en: 

Valor biologico 73,4; coeficiente de digestibilidad vcrdadcro, 91,0; y coeficiente dc utilization neta de la proteina, 66.5. 

Por la tecnica de Bender y MiMer, cl valor biologico de las sardinas frcscas es de 69, mientras que el de las conservadas enlatadas 
en aceite, es de 72,7. 

BIOLOGICAL VALUE OF THE PROTEIN OF SOME FISHES CONSUMED IN SPAIN. 
INFLUENCE OF SOME PRESERVATION TECHNIQUES 

The biological value of protein in the fish and crustaceans listed below was studied in growing rats, using the Mitchell method : 

( 1 ) Two crustaceans, lobster (Palinurus vulgaris) and shrimp (Parapenaceas longirostris). Here the biological value of the lobster 
protein was 88-2 0-5 and that of shrimp 74 1-6. 

(2) Three molluscs, of which two were without shell; viz. octopus (Octopus vulgaris) and squid (Loligo vulgaris), and one with shell, 
viz. "chirlas" (Mactra helvacea). In this group the octopus has the highest biological value (83-5 i 0-4), followed by squid 
(81-7 4 0-6) and Mactra helvacea (77-7 1 0-5). 

(3) Four fishes: hake (Merlucius merlucius), croaker (Sciaena regia Assolt), angler (Lophius piscatorius) and cod (Gadus morrhua). 
Hake has the highest biological value (88-8 0-3) whilst cod has the lowest (82-2 :i 1*5). There is no significant difference 
between fresh hake (88-8 1 0-3) and frozen hake (88-3 -J 0-2). Fresh croaker had a biological value (87-9 .1 0-4) higher than 
the frozen one (85-4 t 0-9). The biological value of salted cod (82-2 i 1 -5) is somewhere in between that of the octopus and 
the squid. 

The digestibility of Patcxco meal (Polybius Henshwi Leach) is 78-74 2-5 (protein) and 83-71 i 1 -2 (fat). The digestibility of all 
dried matter is 84-83 1 0-9. The biological quality of the protein, judged by the coefficient of efficiency in growth, is very poor. 

In relation with antibiotic ice, the results were as follows: coefficient of digestibility of the hake protein in cats was: (1) without 
antibiotic 99-1 i 0-25; (2) with aureomycin 98-9 J 0-2; (3) with chloromycetin 98-7 0-1 ; (4) with penicillin 98-6 I. 0-3; (5) with strepto- 
mycin 98-4 I 0-4; (6) with biostat HC 95*6 -h 1-8. It is thus evident that the antibiotics tested have no action on the utilization offish 
proteins. 

The digestibility of fried hake protein varied according to the type of fat used for drying, as follows: 

In butter 79-36; in margarine 90-37; in lard 91-57; in olive oil 77-16; in cotton seed oil 85-73; in soy bean oil 88.79. 

For the same protein, the coefficient of efficiency in growth were: 

In butter 2-35; in margarine 1-94; in lard 2-04; in olive oil 2-36; in cotton seed oil 2-15; in soy bean oil 2-53. 

The biological value of protein from fresh sardines calculated by the Mitchell method was 71-8. The (true) digestibility coefficient 
is 95-4 and the coefficient of net utilization of the protein is 68-6. 

For sardines canned in oil, the corresponding values are: biological value 73-4; (true) digestibilky coefficient 91 -0; coefficient of net 
utilization of protein 66-5. 

Applying the Bender and Miller method, the biological value of fresh sardines is 69 whereas in sardines canned in oil it is 72-7. 
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VALEUR NUTRITIVE DES PRODUITS DE LA PECHE CONSOMMES EN ESPAGNE. 
INFLUENCE SUR CELLE-CI DE QUELQUES TECHNIQUES DE CONSERVATION 

On a etudie la valeur biologique ( V.B.) des proteines, par la methode de Mitchell, sur des rats en croissance ct dcs poissons suivants: 

(1) Deux cruslaces: la langouste (Palinurus vulgar is) ct la crevette (Parapenaceas longirostris). II est apparu que la V.B. est plus 
6lev6e pour la langouste (88,2 1 0,5) que pour la crevette (74 i 1,6). 

(2) Trois mollusqucs, dont deux sans coquilles: sc. le poulpc (Octopus vulgarix) et le calmar (Loligo vulgaris), et un avec coquille: sc. 
la "chirlas" (Mactra helvacea). Dans ce groupc, la V.B. du poulpe etait la plus elevee (83,5 I 0,4); celle de la "chirlas" la plus 
basse (77,7 : 0,5); ct celle du calmar en position entermediaire (81,7 \ 0,6). 

(3) Quatrc poissons: le merlu (Merlucius merluclus), le maigre (Sciaena regia Assolt), la baudroic (Lophius piscatorius) et la morue 
(Gadux morrhua). La V.B. du merlu (88,8 I 0,3) est la plus elevec et celle de la morue (82,2 \ 1.5) la plus basse. On ne constate 
pas de difference significative entre le merlu frais (V.B. 88,8 ! 0,3) et le merlu congele (88,3 1 0,2). Lc maigre frais presente 
unc V.B. plus elevee qif a Petal congele, avec des chiffres respectifs 87,9 i 0,4 et 85,4 ! 0,9. La V.B. de la morue conserves 
salee, avec 82,2 : 1,5, vient se placer entre le poulpe et le calmar. 

La digestibilile de la farine de Patexo (Polybiux Henslowi Leach) est de 78,74 l 2,5 pour Ics proteines, et de 83,71 -\ 1,2 pour les 
graisses. La digestibility lolale de sa maticre seche est de 84,83 ' 0,9. La qualile biologique de ses proteines, jugee d'apres son coefficient 
d'efficacile en croissance, est tres faible. 

En ce qui concernc le role de la glace antibiotiquc, Ics rcsultats obtenus ont ete: 

Coefficient dc digestibilite chez le chat des proteines de merlu sans antibiolique, 99,1 t 0,25; avec aureomycine, 98,8 ' 0,2; avec 
chloromycetme, 98,7 i 0,1 ; avec pcnicilhne. 98,6 0,3; avec streptomycine, 98,4 * 0,4; et avec biostat HC, 95,6 \ 1,8. Par consequent, 
les antibiotiques essayes n'onl pas exerce d'action sur Putilisulion digestive de regimes proteiques de poisson. 

En ce qui concerne la digestibilitd des proteines de merlu frit en differenles graisses culinaires, les resullats obtenus onl ele les suivants 
selon !es types de corps gras utilises; dans le beurre, 79,36; dans la margarine, 90,37; dans la graisse de pore, 91,57; dans Phuile d'olivc, 77,16; 
dans Phuile dc colon, 85,73; dans Phuile de soja, 88,79. 

Les coefficients d'efh'cacite en croissance pour ces memes proteines ont etc: dans le beurre, 2,35; dans la margarine, 1,94; dans la 
graisse de pore, 2,04; dans Phuile d'olive, 2,36; dans Phuile dc colon. 2,15; dans Phuile dc soja, 2,53. 

La V.B. dcs proteines de la sardine fraichc est dc 71,8 selon la methodc dc Mitchell; son coefficient dc digestibilite vraic est dc 95,4 
ct son coefficient d'ulilisaiion proteiquc nolle est de 68,6. 

Pour Ics sardines en boite, sous huile, Ics donncjs devicnncnt: valeur biologique 73,4; coefficient de digestibililc vraic, 91.0; cl coef- 
ficient d'ulilisation proteique nette, 66,5. 

Pour la technique dc Bender cl Miller, la valeur biologiquc dcs sardines fraichcs est de 69, tandis que celle des sardines en boile 
sous h LI ile est dc 72,7. 




This is another illuslralion of how ihc scienlisl wilh modern melhods is helping Ihe produclion of fish because of its protein value. 

The illustralion shows young carp in a plaslic bag al the fresh water fish firm at Chapingo near Mexico City. They are kepi alive by 

oxygen fed Ihrough a hose. This is one of Ihe numerous projecls of Ihc Mexican Governmenl to increase food production. 
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TRYPTOPHAN CONTENT OF FISH MEAT 
WITH SPECIAL REFERENCE TO THE PROTEIN SCORE 

by 
S. KONOSU and F. MATSUURA 

To evaluate the nutritive value of proteinous foods, the conception of protein score was introduced by FAO. The value as low as 70 
was adopted as the protein score of fish meat from the content of the first limiting amino acid. (sc. tryptophan), while the fairly higher values, 
83 and 86, were respectively given to beef and pork. 

The value of tryptophan was entirely derived from the table in the monograph entitled "Ammo Acid Content of Foods", edited by 
Orr and Watt, in which the mean tryptophan content of fish meat was calculated to be 62 mg. per 1 g. of nitrogen, or 0-99 g. per 16 g. 
of nitrogen, by averaging the values of 169 samples collected from several different sources. This value is, however, considerably low when 
compared with the values reported by several workers, including the present authors. In addition, the low appraisal for the protein score of 
fish meat is inconsistent with the view so far generally accepted that the biological value offish meat compares well with that of beef or pork. 

In view of the importance of fish meat as a source of animal protein in Japan, it is desirable to review the tryptophan content of 
fish meat. 

The barium hydroxide digestion was found to give a higher tryptophan value than the sodium hydroxide digestion, when determined 
by the microbiological method. By using the column chromatographic assay technique at the same time, however, it was proved that the higher 
value was not due to the incomplete raccmi/ation of the amino acid or to the occurrence of interfering substances active for the test organism, 
S. faecal is R. 

The amount of tryptophan in raw fish flesh, determined by microbiological test after barium hydroxide digestion, ranged from 1 -25 
to I -35 g. per 1 6 g. of nitrogen ; variation among the species was quite small. 'I ryptophan in canned and salt-dried meat was almost at the same 
level as that in raw flesh, indicating that such processings as heating and salt-drying do not affect tryptophan to any extent. In addition, it was 
proved that tryptophan content offish meat compared well with that of beef, pork or chicken. 

It may be concluded that fish meat is as excellent as these domestic animals in supplying tryptophan, and that the protein score of it 
is not so low as given by FAO, provided that the first limiting ammo acid in fish meat is tryptophan. 

LA TENEUR EN TRYPTOPHANE DE LA CHAIR DE POISSON EN RELATION 
PARTICULARS AVEC LE COMPTE PROTEIQUE ("PROTEIN SCORE") 

Pour evaluer la valeur nutritive des aliments proteiques, la FAO a introduit la notion de "compte proteique". L'on a adopte unc 
valeur aussi basse que 70 pour le 'jompte proteiquc de la chair de poisson, en se basant sur la teneur du premier acide arnin6 limitanl, (sc. le 
tryptophane), alors que des valeurs notablement elevees, 83 et 86, etaient respectivement attributes au boeuf et au pore. 

La valeur donnee au tryptophane etait entierement obtenue d'apres la table de la monographic "Teneur en amino-acidc des 
aliments" (Amino-acid Content of Foods) editee par Orr et Watt, dans laquelle la teneur moyenne en tryptophane de la chair de poisson 
a ete calcuI6e comme etant de 62 mg. par g. d'azote (ou de 0,99 g. par 16 g. d'azote) sur la moyenne des valeurs de 169 echantillons reunis 
depuis des sources differentes. Cette valeur est cepcndant trop basse, lorsqu'on la compare avec les valeurs prdscntees par plusieurs chercheurs, 
dont les auteurs du present article. De plus, cette faible estimation du compte proteique de la chair de poisson est incompatible avec 1'opimon, 
largemcnt admise, que la valeur biologiquc de cette chair est bicn comparable a celle du boeuf ou du pore. 

A Tegard de rimportance de la chair de poisson parmi les sources proleiques animales au Japon, il est souhaitable de reexaminer 
la teneur en tryptophane de la chair dc poisson. 

On a trouve que la digestion a 1'hydroxyde de baryum donnait unc valeur plus haute en tryptophane que celle obtenue par la digestion 
a Thydroxyde de sodium, lorsqu'on employait la methode microbiologique de determination. En utilisant dans le meme temps la technique 
d'essai sur colonne chromatographiquc, on a pu constatcr ccpendant que cette valeur plus elcvee n 'etait pas due a une racemisation des ammo- 
acides ou a 1'apparition de substances interferentes actives a 1'egard de 1'organisme-lest, S. faecalis R. 

Le montant de tryptophane dans la chair de poisson brut, determine par la methode microbiologique apres digestion a 1'hydroxyde dc 
baryum, variait entre 1,25 el 1,35 g. par 16 g. d'azote; les differences cntre les especes ctaient tres faibles. Lc tryptophane dans les chairs en 
boites ou sechees-salees presentait approximativement les memes teneurs que dans le poisson brut, ce qui indique des traitements tels que la 
cuisson ou le scchage sale n'affectcnt aucuncmcnt le tryptophane. Dc plus, il a ete demontre que la teneur en tryptophane de la chair de 
poisson etait tres comparable a celle de la chair de boeuf, de pore ou de poulet. 

On pcut dire en conclusion que la chair de poisson est aussi excellente que celle des animaux domestiques pour apporter du 
tryptophane a la nutrition, el que son compte protcique n'esl pas aussi faible quo ne l'a prcscnte la FAO, si Ton prend le tryptophane comme 
premier amino-acide limitant dans la chair de poisson. 

EL CONTENIDO DE TRIPTOFANO EN LA CARNE DE PESCADO, 
CON REFERENCIA ESPECIAL AL COMPUTO PROTEINICO 

Al determinar el valor nutritivo de los alimentos prplefnicos, la FAO introdujo el concepto del computo proteinico, y asigno a la 
carne de pescado el bajo indice de 70 derivandolo del contenido del primer aminoacide limitante el triptofano en tanto que a la carno dc 
buey y de cerdo se daban los indices bastante elevados de 83 y 86 rcspcctivamentc. 

El valor dado al triplofano se obtuvo enteramente de la tabla de la monografia titulada "Contenido de aminoacido en los alimentos", 
editada por Orr y Watt, en la que el tenor medio de tript6fano de la carne de pescado se calculo en 62 mg. por gramp de nitrogeno, 
(6 0,99 g. por 16 gramos de nitr6geno) obteniendo los promedios de los indices de 169 muestras de origen difercnte. Sin embargo, este 
indice es muy bajo, cuando se compara con los comunicados por varios investigadores, incluidos los autores de este articulo. Adcmas, la 
baja estimacion del computo proteinico dc la carne de pescado es incompatible con la opini6n aceptada hasta ahora de que su valor bio- 
16gico es comparable con el de la de buey o cerdo. 

Dada la importancia de la carne de pescado como fuente de proteina animal en Japon, conviene examinar su contenido de triptofano. 

Se observ6 que la digest i6n con hidr6xido dc bario daba un indice mayor dc triptofano que la digestion con hidroxido de sodio, 
cuando se determinaba por el metodo microbio!6gico. Empleando a la vez la tecnica de determinacion en columna cromatogrdfica, sc 
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demostro que el indicc mas elevado no se debia a la racemizacion del aminoacido o a la aparicion de substancias activas quc inlerferian coo 
el organismo objeto de ensayo, S. faecalis R. 

La cant i dad de triptofano en la came de pescado bruto, determinadapor el mtodo microbiologico despucs de la digestion con hidroxido 
do bario, variaba de 1,25 a 1,35 g. por 16 gramos de nitrogeno, siendo muy pequenas las diferencias enlre las especies. La concentracion dc 
triptofano en el pescado cnlatado y seco en sal era casi igual que en la carne cruda, lo que indica que tratamicntos como la coccion y dese- 
caci6n en sal no influyen sensiblemente en el tript6fano. Ademas, se ha demostrado que el contenido dc triptofano en la carne de pescado es 
comparable con el que existe en la de buey, cerdo o polio. 

Se puede decir en conclusidn que la carne de pescado es tan excelente como la de estos animales domcsticos en el suministro de tripto- 
fano, y que el c6mputo proteinico no es tan bajo como el que presenta la FAG, a reserva de que el triptofano sea el primer aminoacido 
limitantc de la carne del pescado. 




Certainly the scientist must work out the nutritive value of each particular species offish but that sort of thing is not worrying these 

people. They are satisfied that "fish is food" as they benefit by and endorse the work of the administration teams in Mexico where 

the government and FAO's campaign to raise the country's fish consumption achieved outstanding success. 
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STUDIES ON THE NUTRITIONAL VALUE OF FISH FLESH PROTEINS 

by 
A. B. MORRISON, E. J. M1DDLETON, H. FOUGERE, and J. A. CAMPBELL 

Studies were conducted on the nutritional value of the protein in various samples offish flour prepared from cod, herring, rosefish 
and caplin by a modification of the isopropanol extraction procedure of Guttmann and Vandenheuvel (Prog. Repts. All. Coast Stn. % Fish Res. 
Bd. Can. 67, 29, 1957). Jn the modified process, the fish were not de-scaled; the bones were removed by a chloroform flotation procedure, and 
residual solvent was removed by heating at 100F. Values for protein efficiency ratio (PER) and net protein ratio (NPR) were determined 
by the methods of Chapman et al. (Can. J. Biochem. Physiol. 37, 679, 1959) and Bender and Doell (Brit. J. Nutr. 11, 140, 1957) respectively. 
NPR values showed higher coefficients of variation than PFR values, and the two procedures did not rank the samples in the same order. 
The corrected PER value for herring (2-59) was similar to that for casein (2-50), and significantly lower than those for cod, caplin and rose- 
fish (2-80, 2-85 and 2-92, respectively). The NPR procedure ranked roserish highest and herring lowest, in nutritional value, but gave similar 
values for caplin and herring. 

In further studies, the samples were tested at the 20 per cent protein level. In contrast to results with egg or casein, growth with 
20 per cent protein from the various samples of fish flour was no better than that with 10 per cent protein, and the animals given the higher 
level of fish protein had significantly heavier livers and reduced food consumption. These results indicate that the samples made by the 
chloroform flotation procedure contained a toxic factor. The toxicity was directly related to the organic chloride content of the samples and 
could be removed by ether extraction. 

It was concluded that processing conditions can markedly influence the nutritional value of fish flour. Since possible toxic effects 
may appear only at high protein levels, the results also indicate the advisability of testing proteins at more than one level in biological assays 
for protein quality. 

ETUDES SUR LA VALEUR NUTRITIVE DES PROTEINES DE LA CHAIR DE POISSON 

On a conduit des recherches sur la valeur nutritive des protcines dans des dchantillons divers dc fanne alimentaire de poisson prepares 
dc la moruc. du hareng, de la chcvre et du capelan par un procede modifie de Textraction a Pisopropanol decrite par Guttmann et 
Vandenheuvel (Prog. Rep. At/. Coast Stn., Fish Res. Bd. Can. 67, 29, 1957). 

Dans 1'operation modificc, le poisson n'etait pas ecaille; les aretes etaient enlevees par une methode de flottation au chloroforme, et 
le solvant residuaire etait enleve par chauffage a 100 F (37,7 C). Les valeurs pour le rapport d'efficacite proteique (REP) et le rapport pro- 
teique net (RPN) out ete delermmees respectivement par les rnethodes de Chapman et al (Can. J. Biochem. Physio/. 37, 679, 1959) et Bender 
ct Doell (Brit. J. Nutr. 11, J40, 1957). Les valeurs du RPN ont montre des coefficients de variation plus eleves que les valeurs du REP, el 
les deux modes operatoires n'aboutissaient pas au meme classemenl des cchantillons. La valeur corngec du REP pour le hareng (2,59) etait 
comparable a cellc de la cascine (2,50) et noiablement plus basse que celle de la morue, du capelan et de la chevre (respectivement: 2,80, 
2,K5 et 2,92). Le procede de la determination du RPN classait la chevre au rang Ic plus 61eve, ct le hareng au rang le plus bas, en cc qui 
concerne la valeur nutritive; mais il donnait des valeurs comparables pour le capelan et le hareng. 

Dans des etudes ulterieures, on a cssaye des echantillons au taux proteique de 20 %. Par opposition avec les resultats obtenus avec 
des oeufs ou de la caseine, la croissance, avec ce taux proteique de 20 (1 pour les divers echantillons de farine alimentaire de poisson, 
n'etait pas supericurc celle obtenue avec le taux proteique de 10 ; et les animaux alimentes au plus haut taux de proteme de poisson 
prcsentaient des foies notablement plus lourds et unc consommation dc nourriturc quelque ncu reduite. Ccs resultats indiquent que dans les 
echantillons prepares avec le procecle de flottation au chloroforme il y avait un element toxique. La toxicil etait en relation directe avec le 
contcnu de chloride organ iquc des echantillons; on pourrait 1'cnlever par Fextraction d'ether. 

On a conclu de ces recherches que les conditions de fabrication peuvenl exercer une influence marquee sur la valeur de la farine 
alimentaire dc poisson. Du fait que des cffets toxiques possibles soient susccptibles d'apparaitre seulement a de hauts taux proteiques, les 
resultats montrent egalement qu'il est sage d 'experimenter les protcines a plus d\m seul taux au cours des essais biologiques qui etudicnt 
ieur quahte. 

ESTUDIOS DEL VALOR NUTRITIVO DE LAS PROTEINAS DE LA CARNE DEL PESCADO 

Se estudio el valor nutritivo de la proteina de varias muestras de harina de bacalao, arenque, gallineta y lota por una modificacion 
del procedimiento de extracci6n con isopropanol de Guttman y Vandenheuvel (Pro. Reps. Ail Coast Stn. Fish Res. Bd. Can. 67, 29,1957). 
En cl procedimiento modificado, el pescado no se desescamo; p>ero las espinas se separaron por un procedimiento de flotacion en clproiormo, 
y el solvente residual se separ6 por calentamiento a 100 F. (37,7C). Los indices de la relacion de la eficacia de la proteina (REP) y rcla- 
cion de proteina neta (RPN) se dctcrminaron por los iruhodos de Chapman et al. (Can. J. Biochem. Physiol. 37, 679, 1959), y Bender y Doell 
(Brit. J. Nutr. 11, 140, 1957) respectivamente. Los indices de RPN arrojaron mayores coeficientes de variacion que los de REP, y ninguno de 
los dos procedimientos clasiricb las muestras en el mismo orden. El indicc de REP corrcgido para el arenque (2,59) era analogo al de la case- 
ina (2,50), y bastante menor que para el bacalao, lota y gallineta (2,80; 2,85 y 2,92 respectivamente). El procedimiento de REP dio a gallineta 
cl valor nutritivo mas alto, y al arenque el mas bajo, pero valores analogos para la lota y el arenque. 

En estudios ulteriores, las muestras se cnsayaron a concentration dc proteina del 20%. En contraste con los resultados obtenidos 
con hucvo o caseina, el crecimiento con un 20% de proteina de las diversas muestras de harina de pescado no fue mayor que con un 10% 
de proteina y los animales que recibieron la concentraci6n mayor de proteina de pescado tenian higados sensiblemente mayores y consumian 
menos alimentps. Estos resultados indican que las muestras preparadas por el procedimiento de flotaci6n en cloroformo contenian un factor 
tdxico. La toxicidad estaba relacionada directamente al contenido de cloruro organico de las muestras y podia eliminarse mediante cxtrac- 
cion con eter. 

Se ha llegado a la conclusi6n de que las condiciones de elaboracion pueden tener un marcado efecto en el valor nutritivo de la harina 
de pescado. Como puede ocurrir que los posibles efectos t6xicos s61o aparezcan cuando las concentraciones de proteinas son elevadas, los 
resultados tambien indican la conveniencia de ensayer las proteinas a mas de una concentraci6n en las determinaciones biologicas de su 
calidad. 
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THE NUTRITIVE VALUE OF FISH FLOUR AND ITS USE 
AS A PROTEIN SUPPLEMENT 

by 

B. C. JOHNSON, V. C. METTA, and H. E. SCHENDEL 

The protein quality of an odourless, fat-free fish flour* was evaluated in two ways : (1 ) the protein efficiency ratio (grams gain per gram 
protein consumed) of the fish flour, present in the diet as 10 per cent of the dietary protein, is 3-24 or 90 per cent of that found for whole 
egg protein, and better than values reported for skim milk (2-85) or for beef protein (3-15); (2) the Mitchell biological value (amount of nitro- 
gen used by the body as a percentage of the nitrogen absorbed) of this fish flour protein (88 per cent) is equivalent to that of milk protein, 
and better than that of beef protein (78 per cent). 

The value of this fish flour as a protein supplement was tested, using simulated East Indian all-vegetable diets. Supplementation at 
1 and 3 per cent of the diet markedly improved the growth of rats fed on equal amounts of diet, and thereby also improved the protein 
efficiency ratios (PER) of the vegetable diets. The improvement in growth is already significant (p --. 0-01) when the fish flour is present as 
1 per cent of the diet, and is doubled when present as 3 per cent (p - : 0-001). The increase in growth over that of the controls is 49 per 
cent at the end of 1 week, and 45 per cent after 4 weeks. Twenty-six Indian students were unable to detect the presence of this fish flour when 
it was added at a concentration of 3 per cent to 3 different Indian recipes. 

In another experiment, using Mitchell's paired-feeding method, we observed that fish flour supplementation improved the PER of 
a low-protein corn by 17 percent, and of a high-protein corn by 19 per cent, indicating that an improved amino acid pattern had been achieved. 

Besides improving the protein quality, fish flour supplementation will also markedly increase the mineral content of poor diets, 
especially of rice diets, which are deficient in calcium. For a person eating 20 ounces of food a day, the supplementation of 3 per cent fish 
flour would provide an additional 459 mg. of highly utilizable fish calcium, which is 60 per cent of a child's requirement. 

This fish flour protein was also compared with milk protein in reproduction experiments on rats. Fish flour or casein was the sole 
source of the protein (19 per cent) for these rats.through four generations. The fish flour protein proved as adequate as casein for reproduction 
through 3 matings of the first generation, 5 matings of the second generation, and 4 matings of the third generation. No differences were 
observed in the number of litters born, the number of pups weaned, or in their weaning weights. Examination of 1 1 organs and tissues from 
animals of the first, second, and third generations revealed no differences between the groups. 

All these data support the view that a good fish flour could be of real significance in helping to supply the protein needs of the world. 

*Whole fish which were desiccated, defatted, and deodorized by azeotropic solvent extraction by the VioBin Corporation, were used 
in these studies. This fish flour contained 83 per cent protein (N A 6-25) by analysis. 

LA VALEUR NUTRITIVE DE LA FARINE ALIMENTAIRE DE POISSON 
ET SON UTILISATION COMME SUPPLEMENT PROTEIQUE 

On a evalue scion deux voies la qualit6 proteique d'unc farine alimentaire* de poisson sans graisse et sans odeur : ( 1 ) le rappon 
iVefficacite proteique (REP, en grammes de poids gagnes par gramme de protdincs eonsommees) de la farine alimentaire de poisson, represcn- 
tant dans le regime 10% de prot&nes, est de 3,24: c'est-a-dire 90% du REP trouve pour les proteines d'oeuf entier, et superieure a ccux qifon 
a trouves pour le lait ecr6m (2,85) ou pour les proteines de bocuf (3,15); (2) la valcur biologique dc Mitchell (rapport en % dc 1'azote utilise 
par le corps sur I'azotc absorbe) des proteines de cette farine de poisson est equivalente, avec le chifTre de 88 U , a cellc cles proteines du lait ct 
superieure a celle des proteines du boeuf (78%). 

La valeur de cette farine de poisson comme supplement proteique a etc cxp6rimentee en utilisant des regimes entierement vegetancns 
imites de ceux des Indes. Une supplementation de 1 a 3 t) du regime arndliorait d'une facon nette la croissance de rats nourris dc quanliles 
egales du regime de base et, par consequent, le rapport d'efficacit6 proteique des regimes vegetariens. L'amclioration de la croissance est deja 
significative (p - 0,01) avec 1 % de farine de poisson dans le regime, et portec au double avec 3 (p < 0,001). L'augmentation de la crois- 
sance par rapport aux groupes t6moins est de 49;, a la fin d'une semaine, el de 45% aprcs 4 semaines. Vingt-six etudiants hindous furenl 
incapablcs de deceler la presence de la farine de poisson, lorsqu'on 1'ajoutait dans trois diflerentes recettes culinaires hindoucs a la concentra- 
tion de 3%. 

Dans une autre experience utilisant la methode d'alimentation appariee de Mitchell, nous avons observe que la supplementation en 
farine alimentaire de poisson amt'liorait de 17,, le REP d'un mai's pauvre en proteines et de 19 % cclui d'un mai's riche en proteines, ce qui 
indiquc qu'on a obtenu une meilleure distribution des amino-acides. 

Outre Tam61ioration de la qualite proteique, la supplementation a la farine alimentaire de poisson pent egalement augmenter d'une 
fac.on notable le contenu mineral de regimes pauvres, surtout dc regimes a base de riz qui sont deficients en calcium. Pour quelqu'un qui nc 
consomme que 20 07. (567 g.) de nourriturc par jour, la supplementation dc 3 de farine de poisson pourrait fournir une quantite additionelle 
dc 459 mg. d'un calcium de poisson hautement utilisable, et qui repr6senle 60% des exigences de 1'enfanl. 

On a aussi compart ces proteines de farine alimentaire de poisson avec des proteines de lait dans des expdriences de reproduction 
chez des rats. La farine de poisson ou la caseine etaicnt, pour ces rats, les sources uniques de proleines (& 19%) durant quatre generations. 
Les proteines de farine de poisson se sont montrees aussi convenables pour la reproduction que la caseine, avec 3 accouplements a la premiere 
generation, 5 a la seconde et 4 a la troisieme. On n'a observe aucune difference dans le nombrc de naissanccs, ni dans le nombre d'animaux 
arrivant au sevrage, ni dans leur poids au moment du sevrage. L'cxamen de onze organes et tissus sur les animaux de la premiere, de la 
deuxidme et de la troisieme generation n'a pas rev6l6 de differences entre les groupes. 

Toutcs ces donnees soutiennent 1'iddc qifune bonne farine alimentaire de poisson pourrait jouer un role d'une reelle importance 
pour aider a satisfaire les besoins protdiques du monde, 

*La farine utilisee dans ces etudes provenait de poisson cnticr, dessechd, degraissc et desodorise par extraction azeotropique au 
solvant par la VioBin Corporation. A 1'analyse, cette farine alimentaire de poisson contenait 83% de proteines (N / 6,25). 
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Fish Flour as a Protein Supplement 

EL VALOR NUTRITIVO DE LA MARINA DE PESCADO Y SU EMPLEO 
COMO COMPLEMENTS PROTEICO 

Se evaluo por dos vias distintas la calidad proteica de una harina de pescado* sin grasa ni olor: (1) la relacion de cficacia proteinica 
(gramos de peso ganado por gramo dc protcina consumida) de la harina de pescado, presente en la raci6n como un 10 de la protcina, es 
de 3,24 6 90,, de la encontrada para la proteina del huevo entero, y superior a la observada para la leche descrcmada (2,85) o para la 
proteina del buey (3,15); (2) el valor bioldgico de Mitchell (porcentajc dc la relacion entre el nitrogeno empleado por el cuerpo y el nitrogeno 
absorbido) de las proteinas de esta harina de pescado (88";,) es equivalente al de la proteina de la lechc, y superior al de la proleina de la 
carnedel buey (78 0/ ). 

El valor de esta harina de pescado como complcmcnto proteimco se ensayo empleando regimenes enteramente vegetarianos identicos 
a los de las Indias Orientates. Un complemento de 1 a 3% de la alimentacion mejoraba netamenlc el crecimiento de ratas alimenladas con 
cantidades igualcs dc la racion basica, y por tanto las relaciones de eficacia dc la proteina (REP) de la alimentacion vegctariana. La mejora 
del crecimiento es sensible (p :. 0,01 ) cuando la harina de pescado constituye el 1 % de la racion, y se duplica cuando esta presente como el 3 % 
(p < 0,001). El aumento del crecimiento, con relacion al de los testigos, es de un 49 al final de una semana y de 45% despucs de 4 sem- 
anas. Veintiseis estudiantcs dc la India no pudicron descubrir la prcscncia dc esta harina de pescado, cuando se adicionaba en la concentracibn 
de un 3% a 3 recetas culinarias diferentes de la India. 

En otro cxpcrimento empleando el metodo de alimentacion parcada dc Mitchell observamos que la adicion dc harina de pescado 
mejoraba en un 17% la REP de un maiz pobre en proteinas, y en un 19% la de un maiz rico en proteinas, lo quc indica que se habia obtcnido 
una mcjor distribution de los aminoacidos. 

Adenuis de mcjorar la calidad dc la protcina, los complementos dc harina de pescado pueden tambien mcremcntar sensiblemente el 
contenido de minerales de regimenes alimentarios pobres, particularmente los regimenes a base dc arroz que son deficientes en calcio. Para 
una persona que consuma 20 on/as (567 g.) dc alimento al dia, la adici6n dc un 3% dc harina de pescado suministraria una cantidad adicional 
de 459 mg. de calcio de pescado altamente aprovechable, lo que representa un 60 % de las necesidadcs dc un nifio. 

La proteina de harina de pescado se comparo tambien con la de leche en experimentos dc reproduccion con ratas. La harina de 
pescado o la caseina cran para cstas ratas la unica fucntc dc protcina (19%) durante 4 generaciones. Las proteinas dc harina dc pescado 
demostraron ser tan convenientes como la caseina para la reproduccion mediante 3 acoplamientos dc la primcra generacion, 5 de la segunda y 
4 dc la tcrccra. No sc observaron difercncias en cl numero dc nacimientos, cl dc crias dcstctadas o en sus pesos al destetarlas. El cxamcn de 
1 1 organos y tejidos de ejemplares de la primera, segunda y tercera generaciones no revelaron diferencias entrc los grupos. Todos estos datos 
sosticncn la opinion de que una buena harina de pescado podria desempeftar un papcl dc vcrdadera importancia en la satisfaccion dc las 
necesidades de proteina del mundo. 

* La harina empleada en estos estudios se prepare con pescado entero, seco, degrasado y desodorizado por cxtraccion con solvente 
azcotropico por la VioBin Corporation. Al analizarla esta harina de pescado contenia un 83 % de proteina (N 6,25). 




These Burmese children in Rangoon give practical proof of the attractiveness and nutritive value to health of fish flour. Selected 
nursery schools were used in the demonstration by the nutritionist of FAO in conjunction with the Burmese Nutrition staff. 
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ENRICHMENT OF LIME-TREATED CORN FLOUR* 
WITH DEODORIZED FISH FLOUR 

by 
RICARDO BRESSANI 

In an effort to find a suitable protein concentrate to enrich tortillas made from lime-treated corn, several protein concentrates of 
animal and vegetable origin were added to the corn at varying levels, and the effects of such supplementation were studied through growth 
trials with weanling rats, and through nitrogen balance trials in young growing rats. 

The minimum levels of the protein concentrates for maximum protein efficiency ratios (PER) were: "VioBin" deodorized fish flour 
3 per cent; whole egg protein 3 per cent; INCAP meat flour 4 per cent; nutritional Biochemicals Corporation vitamin-free casein 5 per cent; 
torula yeast 5 per cent; "Dracket" soybean protein 5 per cent; skim milk 7 per cent; local soybean flour 8 per cent and El Salvador cotton 
seed flour 8 per cent. 

Fish flour added at levels up to 10 per cent of the diet did not lead to any significant improvement in PER beyond that with the 
3 per cent addition. Slightly better growth with the 8 per cent fish flour diet was due to its higher protein level. When the basal diet was 
supplemented with corn gluten to give protein concentrations in the diets equal to those derived from the addition of the other protein supple- 
ments, growth increased slightly but the PER decreased. This decrease indicates that the improvement in PER, obtained by the addition of 
protein supplements or lysine and tryptophan, was due largely to a real improvement in protein quality rather than to higher level of protein 
in the diets. 

In the nitrogen balance studies carried out with young growing dogs, addition of 5 per cent skim milk or 3 per cent torula yeast or 
0-17 per cent L-lysine HC1 plus 0-025 per cent ^//-tryptophan improved nitrogen retention significantly. The addition of 4 per cent fish flour 
also improved nitrogen retention during the first four-day balance period. An unexpected decrease in food intake during the second four-day 
period in all three dogs resulted in a decreased nitrogen absorption and nitrogen retention, when expressed in absolute figures and as percentage 
of the nitrogen intake. When the nitrogen balance results were calculated as percentages of the nitrogen absorbed, the diet containing fish 
flour gave better results than did the basal diet. 

L'ENRICHISSEMENT DE LA FAR1NE DE MAIS CHAULE AVEC DE LA FARINE ALIMENTAIRE 

DE POISSON DESODORISEE 

Pour tenter de trouver un concentre proteiquc convcnable qui puisse permettre a renrichissement dcs "tortillas" fakes dc mais chuule 
on a ajoutc* a des taux different* plusieurs concentres proteiques d'origine animale ou vegctale; on a analyse les cffets d'une tellc supplementa- 
tion par des etudes de croissance sur des rats en sevragc ct par dcs etudes de bilan d'azotc sur de jeunes rats en cours de croissance. 

Lcs taux minimum de concentres proteiques pour obtenir les rapports d'efticacite proteique (RhP) maximum ont etc: farine ali- 
mentaire de poisson desodorisee "VioBin", 3 ; proteine d'oeuf entier, 3 t) ; farine de viandc INCAP, 4 ; caseine nutritive sans vttamincs 
de la Biochemicals Corporation, 5",,; levtirc dc torula, 5,,; proteine de soja "Dracket", 5" ; hut ecreme, 7,,; farine dc soja local, 8,,; ct 
farine dc graines dc colon El Salvador, 8 f) . 

La farine alimentaire de poisson ajoutee a des taux attcignant 10 u du regime ulimcntaire ne conduisait a aucune nouvclle ameliora- 
tion du REP par rapport au taux dc 3,,. Unc croissance Icgercment meilleure avec un taux de 8" dc farine alimenlairectail impulable au 
taux proteique plus clove. Quand le regime de base etait supplemcnte avec du gluten de mais pour oblenir dans les regimes des concentra- 
tions en proteines egales a eel les qui provcnaicnt de Faddition des autrcs supplements proteiques, la croissance augmentait legerement, mais le 
REP diminuait. Cctte diminution indiquc quo ramelioration dans le REP, obtenue par 1'addition dc supplements proteiques on dc lysine ct dc 
tryptophanc, etait largcment due a une amelioration de la qualite des proteines plutot qu'a dcs taux elcves dc proteines dans le regime. 

Dans les etudes de bilan d'a/otc conduitcs sur dc jcuncs chicns en cours dc croissance, ('addition dc 5" dc lait ccrerne ou dc 3,, de 
levurc dc Torula ou dc 0,17,, de L-lysine HC1 avec 0,025 de ^//-tryptophanc amchorait d'unc facon ncllc la retention dc 1'a/ote. I 'addition 
dc 4 dc farine alimentaire dc poisson ameliorait cgalcmcnt la retention do Tazotc au cours des quatre premiers jours dc la periodc dc bilan. 
Une diminution inattcnduc dc la consummation d'aliment au cours des quatre jours suivants de ccttc periodc che/ tous les trois chicns etudics 
s'est traduitc pur une diminution de 1'absorption d'azote et de s;; retention, quand on les cxprimait on chitfrcs absolus et en pourcontagcs dc 
1'a/otc consomme. Quand les resultats du bilan dc 1'a/otc ctaicnt calculcs en pourccntagcs de 1'azote absorbe, le regime qui contonait la farine 
alimentaire de poisson donnail dc meilleurs resultats que le regime dc base. 

ENRIQUECIMIENTO DE NIXTAMAL CON HARINA DE PESCADO DESODOR1ZADA 

Con objeto de encontrar un concentrado de proteinas adecuado para enriquecer tortillas hechas con nixtamal, al maiz se adicionaron 
diversas proporcioncs dc concentrados de proteinas animates y vegctales, y los cfcctos dc cada complementation se estudiaron mediante 
cnsayos dc crccimiento con ratas recien destctadas y dc cquilibrio dc nitr6gono con ratas jovenes en crecimiento. 

Las proporciones mini mas dc cuncentrados de proteina para alcanzar la maxima razon de aprovcchamiento fueron: harina de pes- 
cado desodorizada "VioBin", 3%; proteina de huevo entero, 3;,; harina dc carnc INCAP, 4 ; cascina nutritiva sin vitaminas dc la Bio- 
chemicals Corporation, 5/ ; Icvadura dc torula, 5 ; proteina de soja "Dracket", 5" ; leche descremada, 7 /; harina de soja local, 8 ; 
harina de scmilla de algodon de El Salvador, 8",,. 

Adicionar hasta un 10,, dc harina dc pescado a la alimentation, no mejoro la razon de aprovechamicnto dc la proteina por encima 
de lo logrado con un 3? . El crecimiento un poco mas rapido con la raci6n quc contcnia un 8 dc harina de pescado se debio a su mayor 
conccntraci6n de proteina. Cuando la racion basica se complemento con gluten de maiz de manera que las cpnccntraciones de proteinas en 
los alimentos fueran igualcs a las obtenidas mediante la adicion de otros complementos proteicos, el crecimiento fue un poco mas rapido, 
pero disminuy6 la relation de aprovechamiento. Esta disminucitSn indica quc la mcjora en dicha relacion lograda con la adici6n dc comple- 
mentos proteicos o de lisina y tript6fano, so debio principalmente a una mejora real de la calidad de la proteina y no a su mayor concentra- 
tion en los alimentos. 

En los cstudios de equilibrio de nitrogeno rcalizados con cachorros dc pcrro, la adici6n dc un 5% de leche descremada o un 3" de 
levadura de torula o un 0,1 7 " dc /--lisina mas 0,025 ;, de ^/-triptofano mcjord sensiblemente la retenc|6n dc nitr6geno. La adici6n dc un 
4 de harina de pescado dio el mismo resultado en los cuatro primeros dias del periodo dc cquilibrio, pero durante el scgundo pcriodo 
de cuatro dias disminuyo inesperadamentc la cantidad dc alimcnto consumida por los tres cachorros y con cllo la absorci6n y retencion de 
nitr6gcno expresados en terminos absolutos y como porcentaje del ingerido. Cuando se calcularon los resultados como porccntajcs del 
nitrogeno absorbido, la racion que contenfa harina de pescado dio mcjorcs resultados quc la basica. 

* In Latin America corn flour which has been treated with lme is known as NIXTAMAL. 
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Enriching Corn Flour with Deodorized Fish Flour 



NU M EROUS surveys in Latin America have shown 
that corn is the most important staple food for 
the rural populations. Table I shows the average 
daily consumption of corn in several Central American 
countries, and the average amounts of protein and 
calories contributed to the diet by this grain (I). 



WHOLE CORN 



H 2 (1x1.2) 
Lime (1:0.005) 
(94C) 50 min. 



Let cooked corn 
stand 14 hrs. 



Decant supernatant 



cookinc liquor 
and corn aeed 
coat (discarded) 



cooked corn 



washed 5 timee 
with H 2 



washed 1 cooked wash water 
corn (discarded) 



Mill 
Nixtamal (dough) 

Made into 
flat cakes 
(180C) 5 min. 

TOBTILLAS 
Fig. J. ' Method of preparing tortillas in Guatemala. 

A great proportion of the corn in Central America is 
consumed in the form of tortillas made of lime-treated 
corn. Figure 1 shows how tortillas arc prepared in 
Guatemala (2, 3). The process begins with lime-treating 



TABLL 1 

Daily quantities of corn consumed in rural areas in 
central America per person 1 

11 oj total oj total 

Weight Calories calories Protein proteins 



Costa Rica 
Nicaragua 
Honduras 
El Salvador 
Guatemala 



8- 

185 

300 

398 
374 
423 



635 
1030 
1370 
1286 
1456 



34 
57 
69 
65 
64 



K- 
15 
24 
32 
30 
34 



32 
40 
48 
58 
49 



1 Data kindly supplied by Miss Marina Flores, INCAP 

TABLEAU 1 

Quantites de mais consommees par personne et par jour dans les 
zones rurales de 1'Amerique Centrale 

TABLA 1 

Cantidades de maiz consumidas por persona por dia en zonas 
rurales de America Central 



the whole grain; then cooking it, and letting it stand 
for 14 hours to remove the seed coat and soften the grain. 
Next, the lime and seed-coat arc removed by repeated 
washing in water. When the grain is clean, it is finely 
ground, and the dough is patted into flat cakes which are 
baked for about 3 minutes. Lime-treated corn flour is 
made by drying and grinding the dough. 



TABU, II 

Chemical composition of raw and lime-treated corn 

(dry weight) 

Nutrient Corn Tortilla 

fc (her extract, g. " . . . 5-16 2-56 

Crude fiber, g. ... 1-51 1-21 

Nitrogen, g. " .... 1 -52 1-70 

Ash, g. u 1 23 1-60 

Calcium, mg./ 100 g. . . .13 305 

Thiamin, mcg./g. .... 5-40 2-20 

Riboflavin, mcg./g. . . .1-14 0-94 

Niacin, mcg./g 21-61 19-38 

Carotene, mcg./g. . . - 3-45 2-40 

TABLLAU II 
Composition chimique du mais naturel et du mais chaulc 

TABLA II 
Composition quimica del maix crude y del nixtamal 

This processing of corn causes important changes in 
the chemical composition of the corn kernel (2, 3). 
Table II shows the vitamin changes, with significant 
decreases in thiamin, riboflavin, and carotene, and a 
slight decrease in niacin. Changes in the amino acid 
composition arc also evident, as shown in Table III, 
with losses of arginine, histidine, leucine, lysine, and 
cystine. This Table also compares the amino acid pattern 
of tortillas and of raw corn with that of the FAQ Refe- 
rence Protein (4), showing that tortilla protein is deficient 
in lysine, tryptophan and methionine; whilst raw corn is 
deficient not only in these three but also in isoleucine. 

The nutritive quality of the tortilla, as revealed by 
these data, is extremely poor; and the actual amount of 
nutritive material utilized by the rural population is 
even less than dietary surveys indicate. Therefore, in 
order to provide Central American populations with 
better quality protein and more vitamins, corn must be 
enriched. 

Before lime-treated corn protein could be successfully 
enriched, however, it was necessary to determine the 
minimum of protein-rich foods of animal or vegetable 
origin which had to be added to it. This was learned by 
feeding young rats on diets of lime-treated corn, supple- 
mented with increasing levels of protein-rich food. 
Figure 2 (right side) charts the improvement in nutritive 
value achieved by adding up to 5 per cent fish flour (5). 
The optimum supplementation was calculated by draw- 
ing two lines, one horizontal, the other diagnonal, 
through as many points (marking various stages of sup- 
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Fish in Nutrition: Protein 



Amino acid 

Arginipe 

Histidine 

Isoleucinc 

Leucine 

Lysine 

Mcthionine 

Cystine 

Phenylalanine 

Tyrosine . 

Threonine 

Tryptophan 

Valinc 



TABLE 111 
Essential amino acid composition of raw and lime-treated corn 



Raw corn 
mg.lg. N 

320 
170 
260 
760 
190 
120 

64 
230 
240 
190 

31 
280 



Lime-treated 

corn 
mg.lg, N 

260 
150 
280 
600 
180 
120 

56 
240 
240 
190 

33 
300 



Change 

. o 

18-7 
11-7 

21-0 

5-3 

12-5 



FAO 
Ref. Prot. 

mg.lg. N 



270 
306 
270 
144 
126 
180 
180 
180 
90 
270 



Score 

Raw corn Lime-treated 

corn 



96 

70 
68 



34 



67 
65 



37 



TABLFAU 111 
Composition en acides amines essentiels du mais naturel ct du ma is chaule 

TABLAlII 

Composition en aminoacidos esenciales del maiz crude y nixtamal 



rrrrcT rn* now AW or CORN CLUTCH 

HI TM P. E I OF LHE- TREATED CORN 
10 i 1 -i 



Fig. 2. Shows the improvement effected by adding fish flour. 

plementation) as possible. The point of intersection 
represents the minimum supplementation necessary for 
maximum improvement in protein quality, which for 
fish flour is about 2-5 per cent. The left side shows the 
difference in PER obtained by increasing only the 
quantity of the protein (adding corn gluten), represented 
by the dotted line curving down; and by increasing 
both the quantity and quality of the protein (adding 
fish flour), as represented by the solid line curving up. 
It is evident that the nutritive value of lime-treated corn 
is not improved merely by adding more of the same 
quality protein. 

Table IV shows the average weight gain and PER 
resulting from additions up to 10 per cent of deodorized 
fish flour to lime-treated corn. The maximum protein 
efficiency ratio was reached around the 3 per cent level, 
as in the previous experiment. Although the higher 
levels offish flour did not significantly improve the quality 
of the protein, the rats gained more weight because of 
the higher protein levels in the diets. 



TABLE IV 

Enrichment of lime-treated corn flour with several levels of 

fish flour and effect of baking on nutritive value of enriched 

product 



Fish flour 
" of diet 





2 
4 
6 
8 
10 




No baking 

2-7 
No baking 

2-7 
Baking 



Protein 
in diet 



TRIAL I 1 



9-5 
11-0 
12-1 
J3-9 
15-3 
17-2 



TRIAL 2^ 



7-0 
8-8 
9-0 



A verage 

Final weight 

K- 

21 

61 

88 
104 
127 
125 



18 
68 
59 



PER 



1.01 
1-95 
2 10 
2-18 
2-24 
2-06 



1-34 
2-54 
2-69 



Experimental period: 28 days 
Experimental period: 21 days 

TABLFAU IV 

Enrichissement de la farine de mais chaule avec des taux 

different* dc farine alimentaire de poisson ct cffet de la cuisson 

sur la valeur nutritive du produit enrichi 

TABLA IV 

Enriquccimiento de nixtamal con diversas cantidades de harina 

de pescado y efecto de la cocci6n en el valor nutritive del 

producto enriquecido 



Since tortillas are baked, tests were also made to 
determine whether this process altered the nutritive 
value of lime-treated corn flour enriched with fish flour. 
Table IV also shows these results, and indicates that 
baking did not reduce the PER of the enriched flour. 
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TABLE V 

Amount of protein-rich foods, found optimum 
for supplementing lime-treated corn 



NITROGEN BALANCE IN YOUNG DOCS TED LIME-TRt AUD COKN fNRICHFO 
WITH iKIM MILK OR AMINO ACIDS 



Protein-rich Foods 

None . 
Egg protein. 
Casein (V.F.) 
Meat flour 
Fish flour . 

Soybean protein . 
Soybean meal 
Cottonseed flour . 
Tor u la yeast 
Pumpkin seed flour 



Amount found 
/o of diet 

3-0 
4-0 
4-0 

2-5 

5-0 
8-0 
8-0 

2-5 
5-5 

TABLEAU V 



Protein Efficiency 
Ratio 

1-00 

2-25 
2-21 
2-34 
2-44 

2-30 
2-25 
1-83 
1-97 
1-73 



Quantites d 'aliments riches en proteJnes, determinees comme 
optima pour la supplementation du mais chaule 

TABLA V 

Cantidad de alimentos ricos en proteinas deteraiinados como 
dptimos para complementer el nixtemal 



Other protein-rich foods were also tested as supple- 
ments to lime-treated corn. The results are presented in 
Table V. Animal proteins in relatively small amounts 
improved the nutritive value significantly. Among the 
vegetable proteins, soybean protein and soybean meal 
improved the nutritive value of lime-treated corn as 
much as did the animal proieins. Although cottonseed 
flour, torula yeast, and pumpkin-seed flour also improved 
the nutritive value, they did not do so to the same degree 
as did the proteins of animal origin. 

The enrichment of lime-treated corn was also studied 
through nitrogen balance experiments with young 
growing dogs (6). Figure 3 shows the improvement in 
nitrogen retention when lime-treated corn was enriched 
with 5 per cent skim milk or with amounts of lysine and 
tryptophan equal to those in skim milk. 

Table VI shows the nitrogen balance results in dogs 
fed on diets of lime-treated corn enriched with yeast. 



I * PC 
tiro 




I boi I 



g. 3. Reveals the nitrogen balance in young dogs when fed with 
treated and enriched corn. 



skim milk, and fish flour. Both yeast and skim milk 
improved the balance significantly, but the fish flour 
supplement did not improve it to the same degree. This 
lack of response may be attributed to a lower food intake 
with a consequent lower nitrogen absorption and reten- 
tion. When the nitrogen retention is expressed on the 
basis of absorbed nitrogen, however, an improvement is 
seen. 

To check this lowered retention, a third experiment 
with four growing dogs gave the results shown in Table 
VII. Skim milk supplementation gave better nitrogen 
retention values than did the unsupplemented diet. 
When fish flour was added, there was a significant 
improvement in nitrogen retention. This shows that the 



Supplement 

None 

+ 5% skim milk . 

None 

-f 3 % torula yeast 

None 

+ 4% fish flour . 



TABLF VI 

Nitrogen balance of dogs fed lime-treated corn flour enriched with various supplements 

Average 3 dogs, 8 days/treatment 

N Intake N Absorbed N Retained 

mg./ kg. I day n/ Q of intake of intake 

729 74-9 13-4 

745 79-2 33-6 

675 77-0 19-5 

674 77-7 34-7 

539 76-1 24-5 

454 66-1 26-0 



TABLEAU VI 
Bilan de 1 'azote chez des chiens nourris de farine de mats chaule cnrichie de supplements divers 

TABLA VI 
Equilibrio dc nitrogeno en perros alimentados con nixtamal enriquecido con diversos complements 



N Retained 
o of absorbed 

17-9 
42-4 
25-4 
44-6 
32-2 
39-3 
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TABLE VII 

Nitrogen balance of dogs fed lime-treated corn flour enriched with various supplements 

Average 4 dogs, 8 days/treatment 



Supplement 

5 skim milk 

None 

4 " fish flour 



N Intake 
ing. j kg. I day 

479 
494 
480 



N Absorbed 
o of intake 

74-5 
74-3 
77-3 



N Retained 
" of intake 

17-9 

12-1 

31-7 



N Retained 
% of absorbed 

24-1 
16-3 
41-0 



TABLEAU VII 
Bilan de 1'azote chez des chiens nourris de farine de mai's chaulc enrichie dc supplements divers 

TABLA Vll 
Equilibrio dc nitrogeno en perros alimentados con harina de nixtamal enriquecido con varios complemcntos 



lack of response in the previous experiment was due to a 
decreased intake of nitrogen. 

We can conclude, therefore, that the nutritive value 
of lime-treated corn protein can be improved by small 
additions of protein-rich foods of both animal and vege- 
table origin. Particularly effective were the small addi- 
tions offish flour, as evidenced by the increased PER in 
rats and the high nitrogen retention in dogs. 

(1NCAP Publication No. 1-222). 
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Fish flour can be satisfactorily and advantageously mixed with the flour of cereals in the preparation of bread, cakes, etc. Here, 
the FAO demonstrator, Miss Mary Ross, is showing the staff of the Harcourt Butler Nutrition Institute in Rangoon, some methods 

of preparation. 
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EVALUATION OF FISH FLOUR IN THE TREATMENT 
OF INFANTILE MALNUTRITION* 

by 

G. G. GRAHAM, J. M. BAERTL, and A. CORDANO 

In a group of undernourished infants with and without kwashiorkor, modified cow's milk was used to initiate recovery, to stabilize 
body composition, and to obtain a steady gain in weight. Subsequently they were given three different bottle feedings at isocaloric and iso- 
proteic levels, recalculated daily: modified cow's milk; vegetable protein mixture of high biological value; and wheat flour enriched with 10 
per cent deodorized fish flour, VioBin. One infant had additional periods of fish flour as the sole source of protein. Cottonseed oil and sugar 
were used to equate the caloric and fat intakes, and minerals and vitamins were added. Growth and nutritional status were studied with the 
help of nitrogen balance determinations at selected intervals. Growth data along with determinations of serum albumin and urea, hemo- 
globin and hematocrit, suggest that a mixture of wheat and fish flour, 100 g. of which contain approximately 18 g. of protein and yield 350 
calories, satisfies the energy and protein requirements of undernourished infants as well as cow's milk and a mixture of vegetable proteins of 
high biological value. When fish flour alone was used as the source of protein, the results were equally satisfactory. 

In a further group of infants, the wheat-fish flour product was used to initiate recovery with satisfactory results. In one infant, be- 
cause of large, bulky stools and nitrogen wasting, it was necessary to replace the cottonseed oil with a fat emulsion (Lipomul-Upjohn), notice- 
ably improving absorption. 

ETUDE DE LA VALEUR DE LA FAR1NE AL1MENTAIRE DE POISSON DANS LE TRA1TEMENT DE LA 

MALNUTRITION INFANTILE 

Dans un groupe d'enfants sous-aliment6s, avec ou sans "kwashiorkor", on a utilise du lait de vachc modifie pour fairc demarrer le 
retablissemcnt de leur sante, pour stabiliser la composition de leur corps, et pour obtenir un gain de poids constant. On leur a donne ensuite 
trois bibcrons different* a des taux isocalonque et isoprot&que recalculcs chaque jour: lait de vache modifie, melange de proteines vegetales 
a haute valeur biologique, et farine dc bid* enrichie de 10 de farine alimentaire de poisson desodorisee VioBin. Pour un enfant on a fait 
intcrvenir des pcriodes additionelles de farine de poisson comme source unique de protdines. L'huile de coton et le sucre etaient utilises pour 
equilibrer la consommation e i calorics et en graisses, el on a ajoute des mineraux et des vitamines. On a etudie T6tat alimentaire et la crois- 
sance par mesurc du bilan de 1'azote a intervalles choisis. Les donnees de croissance, avec les determinations de 1'albumine du serum, de 
Turee, de Fhemoglobine et des elements centrifuges du sang, pcrmettent de penser qu'un melange de farine de ble et de farine alimentaire de 
poisson (dont 100 g. conlicnnent a pen pres 18 g. de proteines et apportent 350 calories) satisfait les besoins en energie et en proteines des 
cnfants sous-alimentes, aussi bien que du lait de vache ou qu'un melange de proteines vegetales de haute valeur biologique. Quand on a 
utilise la farine alimentaire de poibson scule comme source de proteines, les resultats ont etc egalement satisfaisants. 

Dans un groupe d'enfants etudie par la suite, le melange ble-farinc de poisson a etc utilise pour faire demarrer le retablissement de 
leur sante, avec des resultats satisfaisants. Che/ un cnfanl, par suite de selles importantes et volumineuses et de pertc d 'azote, il a ete necessaire 
de rcmplacer 1'huile dc coton par unc Emulsion grasse (Lipomul-Upjohn) qui a amelior6 d'unc facon notable 1'absorption. 

EVALUACION DE LA HAR1NA DE PESCADO EN EL TRATAMIENTO 
DE LA MALNUTRICION INFANTIL 

F.n un grupo de ninos lactantes, algunos de los cuales padecian de kwashiorkor, sc empleo leche modificada de vaca para iniciar la 
rccupcracion. estabilizar la composition del cucrpo y alcan/ar un aumento constante de peso. Posteriormente, con biberones se les apmim- 
straron tres alimcntos distintos a concent raciones isocaloricas e isoproteicas que se calculaban a diano y que consistian en leche modificadii 
dc vaca, una me/cla de protcinas de origen vegetal de elevado valor biologico y harina de trigo enriquecida con un I0" de harinu de pescado 
desodorizada VioBin. A un lactante se le alimcnto, durante pcriodos adicionules, con harina de pescado como unica fuenie de proteinas. Se 
emplearon aceitc dc scmilla dc algodon y azucar para equiparar las absorciones caloricas y de grasas y sc adicionaron minerules y vitaminas. 
HI crecimiento y cl estado nutritivo se estudiaron a intervalos sclcccionados mediante determinaciones del equilibrio de nitrogeno. Los datos 
de crecimiento y las determinaciones de la albumina del suero y la urea, hemoglobina y del hcmatocrito, indican que una mc/cla de harinas 
de trigo y de pescado, 100 g. dc la cual contienen aproximadamentc 18 g. de protcina y producen 350 calorias, satisfacen las necesidades dc 
energia y proteinas de lactantes desnutridos de iqual mancra que la leche de vaca y la mezcla de proteinas de origen animal de alto valor 
biologico. Cuando solo sc empleo harina de pescado como fuente de proteina, los resultados fueron igualmente satisfactorios. 

La mezcla dc harinas de trigo y pescado se empleo en otro grupo de lactantes para iniciar la recuperation. Los resultados tambien 
fueron satisfactorios. En el caso dc un lactante, las deposiciones voluminosas y el desaprovechamicnto de nitrogeno obligaron a substituir 
el aceite de semilla de algodon por una emulsion grasa (Lipomul-Upjohn), mejorandose sensiblemente la absorcion. 

This study was supported by a research grant from the National Institutes of Health (A 4635), U.S. Public Health Service. 



AN elevated mortality rate, and the stunted growth 
of the survivors, arc two of the characteristics of 
underdeveloped nations. Widespread, chronic 
undernutrition is primarily responsible for both of these 
problems. Qualitative and quantitative deficiencies of 
protein are notorious in the diet of Peruvian children, 
and account for many cases of kwashiorkor in pre-school 
children, particularly in the second year of life. Signi- 



ficant, overall deficits in caloric intake, notorious in the 
first year of life, account for many more cases of stunted 
growth and marasmus. A high rate of illegitimate birth, 
the many mothers who work to support their children, 
and the consequent delegation of the care of nursing 
infants to older siblings and relatives, contribute to 
infrequent breast feeding and very often to early weaning. 
The lack of proper substitutes for human breast milk 
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causes many of these infants to starve to death, or to 
live on in a precarious state of inanition, often reaching 
their first birthday with the same weight of their birth 
and very little more body length or maturity. 

In many areas of Peru cow's milk is unavailable; 
where it is, it is usually unsafe and/or beyond the reach 
of the meager economic capacity of the family. The 
development of a food or foods which will supply the 
protein and energy requirements of growing infants and 
children and which is both inexpensive and yet able to 
maintain its virtues in transport and storage, is of vital 
importance to Peru and indeed to other nations with 
similar problems. It is also important that such foods 
should be safe and practical to give to nursing infants, 
and that their mothers should regard them as such. 

A food that meets these requirements has already been 
developed in Central America (1); and considerable 
progress has been made in Peru toward the development 
of another vegetable mixture, with similar properties, 
but made up of locally available ingredients (2). In our 
estimation, this type of preparation has one major 
disadvantage, viz. the considerable educational effort that 
must be made to assure its consumption by a significant 
part of the population that can most benefit from its use. 
For this reason, among others, we have been particularly 
attracted to the possibility of enriching a food which is 
already consumed by most of the population, even by 
the nursing infant. Commonly consumed grains, 
enriched with a deodorized fish flour of high biological 
value, should satisfy energy and protein requirements, 
should be inexpensive, easily stored and transported, 
and readily consumed by all age groups. Preliminary 
trials with such a product in Mexico (3) have been 
eminently successful. 

In a group of undernourished infants, some with the 
typical signs of kwashiorkor and others with severe 
caloric undernutrition or marasmus, we have used 
modified cow's milk (Similac) to initiate recovery, to 
stabilize body-composition and to obtain a steady gain 
in weight. In each case, we tried to determine the 
minimum intake of protein and calories needed to 
bring about these changes, providing additional calories 
in the form of cottonseed oil and table sugar. With 
some children a casein preparation (Casilan) was used 
to increase the protein content of the diet. The caloric 
needs were found to be quite high, depending on the 
weight deficit. Fairly low intakes of protein were 
found to be quite adequate, so long as the energy require- 
ment was met (4). Once recovery was initiated and a 
steady gain in weight established, four different feedings, 
all given by bottle, were given at isocaloric and iso- 
proteic levels, recalculated daily. As the infants were 
kept in an air-conditioned environment, it was possible 
to maintain their water intake at relatively low levels, 
thus assuring ourselves of nearly 100 per cent intake of 
the calculated diets. 

The four bottle feedings which were used were the 
following: 



(M) Modified cow's milk (Similac), with oil and sugar 
added as needed. 

(V) The vegetable protein mixture of high biological 
value, referred to above, which has been developed 
at the Institute of Nutrition of the Ministry of 
Public Health of Peru. This was cooked with 
cottonseed oil and sugar in a proportion to match 
that of the milk preparation. Sodium and potas- 
sium salts were added to achieve an intake of 2 
and 3 meq. per kg. per day respectively, as in the 
case of the modified milk. A rnultivitamin 
preparation was also given. 

(WF) Wheat flour, enriched with 10 per cent deodorized 
fish flour (VioBin) and made into ordinary 
noodles, which were cooked in water, and then 
blended with cottonseed oil and sugar, to achieve 
the same relative proportions of protein, fat and 
carbohydrate of the other feedings. Salts and 
vitamins were added as in the case of the vegetable 
mixture. The noodles contained approximately 
17 per cent protein, roughly half of which was fish 
protein and half wheat protein, a fact of some 
importance in the evaluation of results. 

(F) Fish flour was given to one infant as the sole 
source of protein. Cottonseed oil, sugar, salts and 
vitamins were added as above. With this prepara- 
tion, although it was well taken and tolerated, 
there was a distinct odor and taste of fish, which 
was not at all in evidence with the wheat-fish 
flour preparation. 

The order in which the diets were given was ran- 
domized, in order to be able to make valid comparisons. 
Infants with severe protein deficiency tend to retain 
nitrogen in the initial phases of treatment, even on in- 
adequate caloric intakes (5), making it difficult to compare 
this phase of recovery with later phases, particularly in 
terms of nitrogen retentions. 

Growth and nutritional status were studied with the 
help of nitrogen-balance determinations at selected 
intervals. All balance periods were of 3 days, and were 
preceded by an adjustment period of at least 6 days when 
the diet was changed. In Table I are summarized the 
results in 6 infants. GG, AG and JV were markedly 
undernourished, but in relatively good general condition; 
JV had rather stubborn diarrhea, and a Shigella was 
repeatedly cultured from his stool, finally clearing up 
with antibiotic treatment. EA was typically marasmic; 
AV had all the manifestations of kwashiorkor, and AT 
was marasmic but also had some edema and sparse, 
reddish hair. 

Weight gains for each infant on the different diets were 
comparable. Nitrogen absorption (as percent of intake) 
was similar for milk (M), the wheat-fish flour prepara- 
tion (WF), and fish flour alone (F); it was slightly lower 
for the vegetable mixture (V). Nitrogen retentions (as 
percent of intake) were also similar, with slightly lower 
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TABLE 1 



Name, age and wt. 
at start of diet 
period 

GG 10m 5 -460k 
llm 5-985R 
12m 8 -050k 
13m 8 -550k 

EA 10m 4-590k 
llm 5-710k 

llm 6-755k 

AV 27m 8 -030k 
27m 8 -760k 


Days 
on 
diet 

10 
55 
15 
16 

27 
24 

27 

15 
19 


Protein source 
g. prot./k.ld. 
color ies/k./d. 

M 2-7 130 
V 27 130 
V 2-0 130 
WF 2-0 130 

M 2-0 150 
WF 2-0 150 

V 2-0 150 

M 2-0 150 
WF 2-0 150 


Wt. 
gain 
K-ld. 

53 
38 
33 
33 

41 
44 

48 

49 
53 


Nitrogen Balance 
Absorb. 
Intake ("J 

320 
320 
320 

327 
323 
323 


mg./k./d 
Retained 

<"o) 

158 (48) 
103 (32) 
171 (53) 
160 (49) 
114 (35) 
117 (36) 


28m 


9- 


770k 


24 


V 


2-0 


150 


41 










AT 13m 


6 -465k 


32 


M 


1-5 


130 


45 


246 


198 


(81) 


83 (34) 


















247 


200 


(81) 


74 (30) 


















247 


212 


(86) 


98 (40) 


















247 


215 


(86) 


113 (46) 


14m 


7- 


900k 


27 


WF 


1-5 


130 


32 


248 


205 


(83) 


63 (24) 


















242 


205 


(85) 


105 (43) 


15m 


8- 


760k 


27 


V 


1-5 


130 


47 


242 


194 


(80) 


100 (41) 


















242 


181 


(75) 


63 (26) 


















242 


168 


(69) 


62 (36) 


AG 7m 


^. 


990k 


10 


M 


3-5 


130 


29 










7m 


6 


280k 


61 


V 


3-5 


130 


29 


557 


410 


(74) 


89 (16) 


















558 


415 


(74) 


96 (17) 


9m 


g, 


030k 


9 


V 


2-0 


130 


33 


328 


263 


(80) 


100 (30) 


9m 


8- 


325k 


27 


WF 


2-0 


130 


34 


328 


278 


(85) 


197 (59) 


















326 


297 


(90) 


153 (47) 


JOm 


9 


235k 


28 


F 


2-0 


130 


34 


307 


289 


(93) 


164 (54) 


















295 


240 


(81) 


118 (40) 


llm 


10 


200k 


13 


F 


2-0 


100 


22 


300 


278 


(93) 


156 (52) 


llm 


10 -490k 


17 


M 


2-0 


100 


19 


302 


279 


(92) 


117 (39) 


















320 


286 


(89) 


94 (29) 


JV 6m 


4 


555k 


5 


M 


2-0 


75 












6m 


4 -505k 


6 


M 


2-0 


too 


18 










6m 


4 


610k 


38 


M 


2-0 


150 


30 


320 


188 


(59) 


55 (17) 


















320 


254 


(79) 


143 (45) 


















320 


233 


(70) 


87 (27) 


















320 


243 


(75) 


92 (29) 


















322 


280 


(87) 


128 (40) 


















320 


281 


(88) 


129 (40) 


Km 


5 


750k 


33 


V 


2-0 


150 


38 


323 


189 


(59) 


54 (17) 


















324 


235 


(73) 


87 (27) 


















324 


238 


(73) 


113 (35) 


















320 


230 


(71) 


94 (29) 


9m 


7 


000k 


29 


WF 


2-0 


150 


39 


320 


259 


(81) 


116 (36) 


















320 


267 


(83) 


135 (42) 


















261 


208 


(80) 


85 (33) 



values for the vegetable mixture probably reflecting the 
lower absorption. 

Serial determinations of height, bone age (wrist 
X-rays), nutritional evaluation, hemoglobin, hematocrit, 
serum albumin, serum urea and other laboratory 
examinations were done in all cases. The only apparent 
difference noted to date has been in the serum albumin 
values, which seem to be lowered in one case from a 
high normal to a low normal value while on the wheat- 
fish flour mixture. Recovery of low serum albumin 
values has also seemed slower with other children while 
they were on the wheat-fish flour or vegetable mixtures 



than when they were given milk. Similar observations 
have been reported by Scrimshaw and Bressani (1) with 
their vegetable protein mixture. It may be that this 
represents an imbalance of amino acids in these mixtures. 
In the one case in which fish flour was given alone as a 
source of protein, there was a prompt but slight rise in 
serum albumin. We also have the impression (though we 
have been unable to document it) that reddish hair 
returned to a normal color more rapidly on milk than 
on the other two feedings. 

Following our initial experience with these prepara- 
tions, we have begun to use them to initiate recovery, 
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with generally satisfactory results. These cases are still 
under study, and are not included in this report. In one 
infant we did find that large, bulky stools persisted 
while he was on the wheat-fish flour preparation, making 
nitrogen retentions very poor. These improved notably 
when the cottonseed oil was replaced by an emulsified 
vegetable fat (Lipomul-Upjohn), and improved even 
further when large daily doses of folic acid were added 
to the diet. Further experiences with even lower protein 
intakes have further exaggerated the lag in serum 
albumin regeneration. These have been rather extreme 
situations designed to make as critical an evaluation as 
possible, fully realizing that, although treatment of 
malnourished infants would never be carried out in such 
a fashion, the prevention of malnutrition might well 
depend on very marginal intakes for many infants and 
children. 

Summary 

Wheat flour enriched with deodorized fish flour has 
been compared with a modified cow's milk preparation 
and with a vegetable mixture of high biological value in 
the treatment of infantile malnutrition. Similar weight 
gains and nitrogen retentions suggest that this prepara- 
tion might well be a good substitute for milk in the 
diets of infants and children. 
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DISCUSSION 

On the paper submitted by Prof. Jean Mayer, MR. D. HAM- 
MOND (Ghana) remarked that, in view of the problems to 
which he had already referred under Dr. Rao's paper, it was 
important to consider in what form fish should be marketed. 
He believed that those types of fish products for which the 
consumer had already shown a marked preference should be 
developed first. 

DR. N. B. THANH (Viet-Nam): I believe that countries may be 
classified in two categories: (1) Developed countries, which 
have well developed agriculture and fisheries; (2) developing 



countries, which may be further subdivided into (a) fish-eating 
countries, where malnutrition may be solved by developing 
the fisheries industry, (b) non-fish-eating countries, where 
there are taboos or dislikes for fish. 1 suggest, nonetheless, 
that this conference send a recommendation to all developing 
countries, encouraging them to develop their fish production, 
processing, and consumption. 

DR. W. M. CHAPMAN (U.S.A.): In the developed countries, we 
have a highly mechanized fishery where large quantities of fish 
are produced by relatively small numbers of people; in the 
developing countries large numbers of people are required to 
produce a small amount of fish. Production in developing 
countries can be greatly increased through technological 
improvements, although this may create severe social prob- 
lems. What can we do about all those people who are com- 
pletely dependent on fishing, when suddenly much larger 
amounts of fish can be produced by a fraction of the people 
now engaged in this industry? 

DR. K. J. CARPENTER (U.K.) asked Dr. G. Varela (Spain): 
Just how did you prepare your diets for the rat-feeding tests? 
I presume they were dried before feeding, since it is usually 
impossible to feed wet material in biological value tests. 
DR. G. VARELA (Spain): We did dry all samples before feeding 
to the rats. We have done some work, however, using cats 
where wet fish can be fed without drying. Very good results 
were obtained; e.g. for a biological value of 98-6, several 
replicates were within 0-2 or 0-3 units of this value. 
DR. O. R. BRAEKKAN (Norway): It is possible to feed rats also 
on wet fish without drying; but the rats have to be trained 
to accept restricted diets. This is difficult, but not impossible. 

On the paper submitted by Drs. Konosu and Matsuura, Dr. O. 
R. BRAF.KKAN (Norway) asked: Why have you used barium 
hydroxide for hydrolysis rather than sodium hydroxide? 
DR. S. KONOSU (Japan): Barium hydroxide hydrolysis gave a 
higher value for tryptophan, than sodium hydroxide. 
DR. G. HAMOIR (Belgium): Carp muscle yields a protein 
fraction which does not contain tryptophan. This fraction is 
approximately 7 per cent of the total protein content of the 
muscle. A similar fraction appears to occur also in marine 
fishes. On the other hand, the amino acid composition of the 
muscle structural proteins (myosin, actomyosin and tropo- 
myosin) does not differ much according to origin. As meat 
does not contain this "abnormal" protein fraction, the results 
obtained suggest that the tryptophan content in fish muscle 
might be somewhat lower than in meat. One cannot, however, 
exclude the possibility that this lack of tryptophan in some 
protein of fish myogen could be compensated by a higher 
percentage of this amino acid in the other easily extracted fish 
protein. 

DR. B. C. GUHA (India): You mean there is no tryptophan in 
carp muscle? 

DR. G. HAMOIR (Belgium): About 7-8 per cent of the protein 
contains no tryptophan ; however, it is possible that tryptophan 
is found in perhaps the other 92 per cent. 

On the papers submitted by Dr. A. B. Morrison and Dr. 
H. E. Schendel, DR. K. J. CARPENTER (U.K.) observed: Dr. 
Schendel concluded that the fish flour used in his experiments 
was of good biological value, because it was better than casein. 
However, casein itself has no particularly good biological 
value. Furthermore, reproduction data presented indicate that 
casein was quite deficient in some important matter, and that 
the fish flour was only slightly better than casein in maintain- 
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ing reproduction through successive generations. This may 
be due to lack of some vitamin, perhaps vitamin B ia . In 
addition, the experiment lacked suitable control groups. All 
in all, the data presented are not good evidence supporting 
the high nutritive value of fish flour. 

DR. A. B. MORRISON (Canada): I endorse DR. Carpenter's 
observation; but it is important to remember also that in 
studies using commercially produced fish flour there is a great 
variability between lots, and that the data shown in this paper 
were from only one lot of fish flour, and not representative of 
day-to-day production. 

DR. H. E. SCHENDEL (U.S.A.): Dr. Carpenter is correct in his 
comments that important experiments, such as these tests for 
the presence of tryptophan in a suggested protein diet source 
like fish flour, need to be done on a large number of samples 
from various sources. With regard to the comments that the 
deterioration of reproduction through successive generations 
may be due to a vitamin B 12 deficiency, I can state that I mixed 
all the diets used in these studies, and can therefore assure the 
conference that, so far as T know, all known vitamins and 
minerals, including B 12 , were present in the diet at optimal 
amounts. Many workers have observed that rats fed on highly 
synthetic diets show poor reproduction after approximately 
three generations on test, possibly due to the absence of 
unknown growth factors. The fish flour diet provided some 
factors which helped the rats to perform better over several 
generations. Other laboratories have also experienced diffi- 
culty, as we did, with some sort of pulmonary infection in the 
rats. There were coughing symptoms in our colony, and this 
infection may also have played a part in the deterioration of 
reproduction. However, gross and microscopic examination 
of tissues did not reveal differences in the lung tissues of rats 
fed on casein or fish flour. 

DR. D. SNYDRR (U.S.A.): Dr. Schendel in his summary indi- 
cated that the fish flour sample did not contain toxic substances 
even after 18 months' storage at room temperature. With 
special attention to the word "even", does Dr. Schendel have 
any reason to believe that toxicity of this fish flour should be 
expected to increase on prolonged storage? 
DR. H. E. SCHFNDFI. (U.S.A.): Toxicity might be expected to 
increase. 

DR. B. HALLGREN (Sweden): Preliminary experiments on the 
effects of chlorinated solvents on fish proteins indicated that 
in whole small herring, ground, extracted, and dehydrated 
azeotropically with ethylene dichloridc and washed four times 
with the same solvent, available lysinc values decreased from 
6-7 to 5-9 per cent. If the product was washed five times with 
ethanol, available lysine increased to 7 per cent. In another 
experiment dehydrated fish was extracted five times at room 
temperature with ethylene dichloride: available lysine then 
decreased from 6-7 to 5-7 per cent, and after being washed 
increased to 7-1 per cent. Such an effect of lowering lysine was 
not observed when the fish was treated with non-chlorinated 
hydrocarbons, e.g. hexane. These experiments seem to indi- 
cate that loose compounds could be formed between certain 
amino groups of the proteins and chlorinated hydrocarbons. 
DR. A. B. MORRISON (Canada): In work with azcotropic 
processes, fish flours made from either fillets, whole fish, and/ 
or gurry had lower lysine values than flours made by using 
iso-propyl alcohol as a solvent. 

DR. O. R. BRAEKKAN (Norway): It would be preferable if all 
analytical data for chlorinated hydrocarbon-content, etc., and 
the methods of analysis used for obtaining these data, were 
presented in their entirety. 



On the paper submitted by Dr. Graham and his associates, 
DR. H. WESIERMARCK (Finland) questioned how far it 
was ever possible to ensure that fish flour was safe for human 
consumption, because too often certain bacteria (such as 
Salmonella) were found when samples of flour were examined. 
He added that the VioBin process, though not yet well known, 
was of considerable interest and merited further study. He 
asked whether the superior bacteriological quality of the 
product could justly be ascribed to the nature of the process. 
DR. G. G. GRAHAM (Peru): Bacteriological examinations 
were made on all fish flour samples, and no pathogens were 
ever found. 

MR. H. LOREDO (Mexico): There is a general awareness of the 
importance of fish flour; but does anyone know how much 
fish meal or fish flour is being consumed by humans today, 
and whether poor people can afford to buy it ? Such organiza- 
tions as FAO, WHO, and UNICEF should help these people 
to obtain a cheap nutritious product (one that they can afford 
to buy). 

DR. J. M. BENGOA (WHO): Graham's paper was impressive. 
In Chile at present there is a plant capable of producing 300 
tons of fish flour for human consumption. This fish flour is 
suitable for use, not only by children but also by adults. As 
far as cost is concerned, since only about 5 per cent of fish 
flour will be incorporated into the total cost of these products, 
it will not be too high. There are several questions: (1) Why 
did you use severely undernourished children in your experi- 
mental work? (2) Were only moderately undernourished 
children able to tolerate the mixture used in your experimental 
work ? (3) You mentioned in your report that 10 per cent fish 
flour is mixed with wheat flour: is this the minimum or 
maximum level? (4) Could the percentage of fish flour be 
decreased? If we could use 5 per cent or less, many more 
children could be benefited by the available fish flour. 
DR. G. G. GRAHAM (Peru): 10 per cent fish flour was chosen 
arbitrarily; but there is a very good possibility that 5 per cent 
would be sufficient. 

DR. A. G. VAN VEEN (FAO): FAO and UNICEF are helping 
the people who are interested in producing fish flour. For 
example, Morocco has asked for help on some technical 
aspects. From a bacteriological standpoint, the processes 
using solvents are usually quite clean bacteriologically. 
However, careless handling in tropical climates could very 
easily result in contaminated samples. Price is hard to deter- 
mine, because of the many factors involved (e.g. cost of labour, 
raw materials, etc.). However, if fish flour is produced on a 
large scale, the price need not be more than 12-15 cents per 
pound, although some producers have mentioned prices as 
high as $1.00 per pound. A good quality fish flour is not too 
expensive, if we consider that soybean meal (containing only 
40 per cent protein) costs about 6 cents a pound, while fish 
flour (containing 70-80 per cent of excellent protein) costs not 
more than 15 cents per pound. 

DR. C. L. CUTTING (U.K.): At the Institute for Medical 
Research at Kuala Lumpur, interesting results in child nutri- 
tion were obtained with the use of high protein biscuits 
containing fish flour, cereal, sugar, and flavouring. Clinic 
studies of groups of Malayan children showed that, when diet 
was supplemented with spray-dried skim milk, the rate of gain 
was twice that of the control group. However, children 
supplied with fish flour biscuits gained at about three times 
the rate of the control group. The fact that the biscuits were 
unpalatable to adults was an advantage in ensuring that the 
children, who liked them, consumed them. The fish flour need 
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not in this case be deodorized or defatted. But, of course, we 
should not ignore other methods of fish preservation for 
tropical conditions, because of the interest in fish flour. 
DR. E. LEVIN (U.S.A.): The price of the VioBin Corporation 
product can be fixed at no more than 33 cents per kilo in this 
country, and only 25 cents per kilo if made in Peru. The 
consistently good biological value of the product is proved by 
the fact that several successive batches have been used in 
various parts of the world. For example, Dr. Gomez has been 
using fish flour in Mexico for 6 years, with no harmful effects, 
in groups of 500 children. Tests have also been conducted in 
Salvador, and commercial products containing fish flour are 
being used in South Africa and Japan. The VioBin Cor- 
poration product contains less than 10 parts per million 1 -2- 
dichloroethane, and less than 10 parts per million alcohol. 
MR. H. LOREDO (Mexico): Dried fish would be accepted more 
readily by the majority of the people. In addition, to judge by 
the figures given here today, it is cheaper than fish flour. 
DR. I. K. ORYEM-OBITA (Uganda): Fish meal in Uganda costs 
twice as much as fish. In Dr. Graham's test the children were 
in a clinic; there is some doubt whether the same good results 
would occur in developing countries, where clinical control 
was not possible. 

DR. H. FouGERh (Canada): Fish flour manufactured by the 
iso-propyl alcohol process would cost about 30 cents per 
pound in Canada; but this does not take into account possible 
profits from by-products, such as bone meal or oil. Since fish 
flour has 80-85 per cent protein, whereas fish has only 20 per 
cent protein, it looks as if it would really be cheaper to use 
than fresh fish. Equipment to manufacture fish flour is avail- 
able in the U.S. today. Regarding the cost offish flour, how- 
ever, we have to consider overhead costs, wages, and many 
other related factors, therefore, cost cannot be precisely 
determined. The cost in Canada may be higher than the cost 
in other countries where labour and related items may be 
cheaper. 

DR. H. CABALLERO (Chile): The most serious problem we have 
encountered is that we need to supply protein to the peoples 
of the world at a price they can afford to pay. For example, in 
Chile people do not have enough money to buy protein in 
the form of fish flour. Some people eat too much, some too 
little, it is difficult to compare countries by their calorie 
intake. 

DR. W. M. CHAPMAN (U.S.A.): Another problem arose at the 
FAO Fish Meal Conference in Rome. It was estimated that we 
would need 5 million tons of edible fish meal to supply the 
protein needs of the world's underfed people. The extra 
demand would be equivalent to 25 million tons of raw fish, 
almost double the present 35 million ton catch. This would 
create the problem of finding the extra fish needed, and would 
probably mean the end of selective fishing. Fishermen would 
have to use the total catch and a new type of industrial fishing 



operation. In order to utilize all these species of fish, we would 
need a new form of product, and this product would most 
likely be fish flour. 

DR. J. URAM (U.S.A.): Fish flour or meal, in contrast with 
dried whole fish, offers the opportunity of scientifically and 
economically introducing into the diet an appropriate amount 
of supplementary amino acid, if necessary. Fish flour also 
affords easier distribution. 

PROF. DR. M. A. RAAFAT(U.A.R.): In Egypt we are improving 
fish consumption by developments in the following areas: (1) 
improved methods of fishing, especially through mechaniza- 
tion, to increase the catch; (2) the use of refrigerated trains 
and trucks for transport, which has improved the quality and 
lowered the price offish for the consumer; (3) new industries, 
such as freezing and canning, which are providing a good 
supply for low income groups; (4) fish-canning residues, 
which are being used in poultry feeds, and in this way improve 
human nutrition. 

DR. C. L. CUTTING (U.K.): I believe that FAO should con- 
sider fish flour as a useful protein source only in appropriate 
areas, and not as a world-wide panacea for preventing protein 
malnutrition. Fish flour should have some true fish flavour 
and texture. A satisfactory flour may need a strong fish taste 
to be acceptable in some regions, and a bland taste to be 
acceptable in other regions. 

DR. A. G. VAN VEEN (FAO), who had presented Dr. Mayer's 
paper in the absence of the author, said to Mr. Hammond 
(Ghana) that he agreed that fish should be consumed in the 
form which is most acceptable, so long as the price is suffi- 
ciently low. Not only dried and salted, but also smoked or 
fermented fish may be acceptable in the country. Fish flour 
might find a place in the diet if there were a special reason for 
it (e.g. in supplementary feeding schemes, or if there were a 
surplus of fish on the market). He then replied to Dr. Thanh 
(Viet-Nam) that the classification which he had proposed 
could go even further. If in certain countries no fish is eaten, 
this is not due just to taboos, etc., but very often to the fact 
that fish production is very low or nil. With the remarks of 
Dr. Chapman (U.S.A.), he agreed completely; the sociological 
problems are often overlooked, as FAO knows very well from 
its world-wide experience, especially in eonnection with 
urbanization and industrialization. To Dr. Cutting (U.K.), 
he replied that FAO has been giving attention to fish flour for 
many years. In certain areas (for example, in South-cast Asia 
and in Africa south of the Sahara) non-deodorized fish flour 
is usually preferred; whereas in other regions flavourless fish 
flour is preferred, such as in a great part of India, Europe and 
Latin America. FAO has done acceptability-experiments with 
different kinds of fish flour in many countries. The advantage 
of fish flour is that it can be packed easily and cheaply in tins, 
and then does not spoil so easily in tropical climates as, for 
example, salted and dried fish. 
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FISH OILS IN RELATION TO BLOOD CHOLESTEROL 
AND CARDIOVASCULAR DISEASES 

by 
HENRIK DAM and ERLING LUND 

The relation of serum cholesterol to cardiovascular disease is still a subject for debate. As early as 1843, cholesterol was shown to 
occur in human atheromatous arteries. Subsequent investigators were able to induce atherosclerosis in rabbits and chicks by feeding them 
cholesterol. Epidemiological studies in various population groups drew attention to the relationships between high serum cholesterol levels, 
high incidence of coronary heart disease, and high fat intake. About 10 years ago, studies began stressing the importance of quality of dietary 
fat in influencing blood cholesterol levels. It was found that blood cholesterol in humans could be lowered by fats rich in polyunsaturated 
fatty acids, and fish oils were mentioned in this respect. Fish liver oils were found to be effective in lowering cholesterol levels; this effect is 
generally attributed to the high degree of unsaturation of their fatty acids, although some workers found that also vitamin A, in which some 
of those oils are rich, and the unsaponifiable fraction, exert a lowering influence in hypercholestcrolemic patients. The high content of vitamins 
A and D in fish liver oils makes their common use, in prevention and therapy, quite risky, because of possible overdosage and toxicity from those 
vitamins. 

Fish body oils would therefore be preferable to fish liver oils. Offish body oils, menhaden oil, although low in essential fatty acids, 
was found by Ahrens et al. to be more efficient than corn oil in markedly lowering serum cholesterol, phosphohpids and triglycerides in a 
hyperlipemic and hypercholesterolemic patient. 

The authors observed the effect of menhaden body oil in two patients. A man and a woman with moderately elevated serum choles- 
terol levels were each given from 10 to 60 ml. per day of highly unsaturated triglycerides from menhaden body oil. This was in addition to an 
ordinary hospital diet providing 80 g. of fat per day. In the woman, some decrease in blood cholesterol was observed, especially when 60 ml. 
of menhaden oil were given, while in the man there was a less pronounced decrease. The results seemed to show that short periods of addition 
of moderate amounts of fish body oil to an ordinary diet containing other fats cannot a priori be expected to produce a drastic fall in serum 
cholesterol. 

In another series of experiments, 17 patients received an ordinary hospital diet for 21 days, then a "fish diet" for 28 days, and again 
the ordinary diet for 4 weeks. The authors found no differences in scrum cholesterol values in the three periods. 

The mechanism by which polyenoic fatty acids influence the plasma cholesterol concentration is discussed. 

The authors conclude that more extensive study is desirable on the value of fish oils in the prophylaxis of cardiovascular disease. 

LES HU1LES DH POISSON EN RELATION AVEC LE CHOLESTEROL 
DLJ SANG ET LES AFFECTIONS CARD1O-VASCULAIRES 

La relation entre Ic cholesterol du serum et les affections cardio-vasculaires est encore un sujet de discussion. Dej& en 1843 on a 
montre que le cholesterol etait present dans les arteres athcromaleuses de rhomme. D'autres cherchcurs, plus tard, purcnt induire une 
atherosclerose che/ des lapins et des poulets en leur faisant ingerer du cholesterol. Les etudes epidemiologiques sur des groupes de populations 
varies onl portc 1'altention sur les relations qui existent entre des niveaux eleves de cholesterol dans le scrum, la frequence des coronarites et 
une mgestion importante de graisses. II y a dix ans, des recherches commenccrcnt a mettre 1'accent sur rimportance de la qualite des graisses 
alimentaires a l'6gard des taux de cholesterol prescntes dans le sang. On trouva que le taux de cholesterol du sang chez rhomme pouvait 
etre abaisse par des matieres grasses riches en acides gras polyinsatures, et on parla a ce sujet des huiles de poisson. Les huiles de foie dc 
poisson so sont montres efficaces a red u ire les taux de cholesterol; cet effet est utlribue d'habitudc au degre eleve d'insaturation de leurs 
acides gras. bicn que quelques chercheurs aient trouvc cgalement que la vitamme A, dont sont riches quclques-unes de ces huiles, et la fraction 
msaponifiable exercent une influence d'abaissement sur les taux chez des malades hypcrcholcsterolemiques. La teneur importante en vitumincs 
A et D des huiles de foic de poisson en rend leur cmploi trcs risque pour une utilisation normale en prevention et en therapeuthie, par suite 
de la possibilite d'exces et de la toxicite de ces vitamines. 

Les huiles de corps de poisson dcvraicnt etre preferees, en consequence, aux huiles dc foie de poisson. Parmi ces huiles de corps. 
Phuilc de menhaden, bien que pauvre en acides gras essenliels, a etc rcconnuc par Ahrens et al. comme plus etTicacc que Thuilc dc mats pour 
abaisser d'une facon nette le taux dc cholesterol sanguin, de phospholipides et dc triglycerides che/ un malade hyperlipidemique el hypcr- 
cholcstcrolemiquc. 

Les auteurs ont observe reflet dc Phuile de corps dc menhaden chez deux patients, un homme et une femme, qui prcseniaient des 
taux de cholesterol dans le serum modcrcmcnt eleves et qui on a donne a chacun 10 a 60 ml. par jour de triglycerides hautement insaturees 
qui provcnuient de 1'huile de corps de menhaden. Ceci venail en addition a un regime ordinaire d'hopital, qui contenait 80 g. de matieres 
grasses par jour. Chez la femmc, on a observe une certaine diminution dans le cholesterol du sang, surtout lorsqu'on lui donnait 60 ml. 
d'huile dc menhaden ; alors que che/ rhomme la diminution etait moins prononcee. Les resultuts semblent monircr qu'avcc des additions de 
courte duree de quantites moderees d'huile de corps de poisson a un regime ordinaire contenant d'autres matieres grasses, il ne faut pas 
s'attendre a une chute brutalc du taux de cholesterol sanguin. 

Dans une autre serie d 'experiences, 17 patients ont recu un regime ordinaire d'hopital pendant 21 jours; puis un regime & base de 
poissons durant 28 jours et dc nouveau le regime ordinaire durant 4 semaines. Les auteurs n'ont pas trouve de differences dans les taux de 
cholesterol sanguin entre les trois penodes. 

On commente le m6canisme par lequel les acides gras polyenoiques cxcrcent une influence sur la concentration du cholesterol du 
plasma. 

Les auteurs concluent & la necessite d'une etude plus clcnduc en cc qui concerne 1'importance des huiles de poisson dans la prophy- 
Jaxie des affections cardio-vasculaires. 

LOS ACEITES DE PESCADO CON RELACION AL COLESTEROL DE 
LA SANGRE Y LAS DOLENC1AS CARDIOVASCU LARES 

La relacion entre cl colesterol del suero sanguineo y las cnfermedades cardio-vasculares continua sicndo tcma de controversia. Ya 
en 1843 se demostro que existia colesterol en las arterias ateromatosas del hombrc. Posteriormente los investigadores pudicron inducir la 
aterosclerosis en conejos y polios alimentandolos con colesterol. Estudios epidemiologicos de varios grupos de la poblacion pusieron de relieve 
las relaciones entre elevadas concentraciones de colesterol en la sangrc, gran incidencia de enfermedades corona nas del coraz6n y elevado 
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consume) de grasas. Hace unos JO aftos se iniciaron estudios que pusieron de relieve la importancia de la calidad de la grasa de la alimenta- 
ci6n y su influcneia en las concentraciones de colcsterol en la sangre. Se observo que el colesterol de la sangre de los seres humanos podia 
reducirsc mediante la ingestion de grasas ricas en acidos grasos con varios enlaces no saturados, y con respecto a ello se mcncionaron los 
accites de pescado. Se comprobo que los aceites dc hlgado de pcscado eran cficaces como reductores de las concentraciones de colesterol ; estc 
efecto se atribuye en general al elcvado grado de insaturaci6n de sus acidos grasos, aunque algunos investigadores observaron que tambien 
la vitamina A, que abunda en algunos de esos aceites, y la fracci6n insaponificable, ejercen una influcneia reductora en los enfermos hiper- 
colesteremicos. El elevado contenido de vitamina A y D de los aceites dc higado de pescado hace que su empleo correinte en la prevenci6n 
y terapia sea arriesgado, por scr fuctible una dosis excesiva y toxicidad de estas vitaminas. 

For estas razoncs, los aceites del cuerpo del pescado scrian preferibles a los del higado. De los del cuerpo, el aceite de menhaden, 
aunque bajo en acidos grasos esenciales, observaron Ahrens et al. que eran mas cficaces que el aceite dc maiz en la reducci6n sensible del 
colesterol de la sangre, fosfolfpidos y trigliceridos en un enfermo hiperlipemico e hipercolesterolemico 

Los autores observaron el efeclo del aceite del cuerpo de menhaden en dos pacientes: a un hombre y una mujer, con concentraciones 
de colesterol en la sangre moderadamenle elevadas, fueron administrados de 10 a 60 ml. diarios de trigliceridos altamente no saturados de 
aceite del cuerpo de menhaden. Esto era en adicion a una dieta normal de hospital que suministraba 80 g. de grasa al dia. En la mujer se 
observo cierta disminucion en el colesterol de la sangre, especialmente cuando se administraron 60 ml. de aceite de menhaden; pero en el 
hombre la reduccion fuc menor. Los resultados parecen demostrar que, si durante periodos cortos se adicionan pcqueftas cantidades de aceite 
de cuerpo de pescado a una dieta normal contenga otras grasas, no puede esperarse a priori que se produzca una disminucion drastica en el 
colesterol dc la sangre. 

En otra serie de experimentos, 17 pacientes recibieron una dieta normal de hospital durante 21 dias; despues una dieta a base de 
pescado, durante 28 dias; y de nuevo la dieta normal durante 4 scmanas. Los autores no observaron diferencia en los indices de colesterol en 
la sangre en los 3 periodos. 

Se examina el mecanismo por el cual los acidos grasos polienoicos influyen en las concentracioncs de colesterol en la sangre. 

Los autores llegan a la conclusion de que se tienen que reali/ar estudios mas amplios relativos al valor de los aceites de pescado en 
la profilaxis de las cnfermedades cardiovasculares. 



BLOOD cholesterol and its relation to nutrition 
plays an important role in cardiovascular diseases. 
The occurrence of cholesterol in human athero- 
matous arteries was discovered by Vogel (45), and 
Anitschkow and Chalatow (4) produced an experimental 
atherosclerosis in rabbits by feeding them cholesterol. 
Dauber and Katz (16) produced a similar condition in 
chicks by the same means. The important fact that fat 
greatly facilitates the absorption of cholesterol from the 
intestine was clearly demonstrated by Cook (14). 

Fpidemiological studies by Keys and co-workers (24, 
25, 26) drew attention to the fact that serum cholesterol 
and incidence of coronary heart disease are particularly 
high in population which has a high fat intake. 

The importance of the quality of the dietary fat, 
especially vegetable versus animal fat, became evident 
through the studies of Kinsell et al. (29, 30, 31), Groen 
et al. (21 ), Ahrens et al. (1, 2), Bronte-Stewart et al.(\\ ), 
Malmros and Wigand (34, 35), and others. 

All the main constituents of dietary fats (the non- 
saponifiable fraction, the triglycerides, phosphatides and 
glyceryl ethers) have been considered in relation to blood 
cholesterol. 

The above-mentioned investigators soon became aware 
of the fact that the polyunsaturated fatty acids played an 
important role in lowering plasma cholesterol in humans. 
In this connection, Bronte-Stewart et al. (II) mentioned 
marine fish oils. Kinsell and Sinclair (30) particularly 
called attention to the essential fatty acids. 

In 1959, Ahrens et al. (2) found a marked lowering of 
serum cholesterol, phospholipids and triglycerides in a 
hyperlipemic and a hypercholesterolemic patient, not only 
when a vegetable oil (notably corn oil) was administered, 
but also by giving a fish body oil (menhaden oil) which is 
low in essential fatty acids. Of the two oils examined the 
fish oil was the more efficient. 

Essential fatty acids are those polyunsaturated fatty 



acids necessary for growth and for prevention of skin 
symptoms in young rats (Burr and Burr (12)). Thomas- 
son (42) drew attention to the fact that essential fatty 
acids contain a double bond between carbon atoms 6 
and 7 counted from the terminal methyl group. Linoleic 
and arachidonic acids are the more important essential 
fatty acids. Linolenic acid is able to sustain growth in 
rats, but has little effect in preventing skin symptoms 
(Thomasson, (42)). Llnsaturated fish oil fatty acids have 
been thoroughly examined by Lovern (33), StolTel and 
Ahrens (40), and others. Many of the fish oil fatty acids 
have double bonds arranged according to the "divinyl- 
methane" pattern, which also occurs in the essential fatty 
acids; but these have only slight, if any, effect as essential 
fatty acids in rats (Privett et al., (38)). According to 
Stoffcl and Ahrens (40) and Privett et al. (38), the 
menhaden body oil examined by them contained only 
2-2 per cent linolcic acid and 0-2 per cent arachidonic 
acid. 

Kingsbury et al. (27) examined the influence of ethyl 
arachidonate, cod liver oil, and a pentane- and hcxaene- 
rich fraction prepared from cod liver oil, in healthy adults 
and found that all these substances lowered plasma 
cholesterol. 

Many experiments on the influence of fats on serum 
cholesterol have been carried out with animals. 

Rabbits are extremely sensitive to the influence of fats 
of varying degree of unsaturation, and to lack of fat as 
far as serum cholesterol is concerned. Malmros and 
Wigand (35) produced hypercholesterolemia and sub- 
sequent atherosclerosis in rabbits by means of a fat-free 
diet. A saturated triglyceridc, trilaurin, also produced 
hypercholesterolemia and atherosclerosis; whereas corn 
oil, which is rich in linoleic acid, protected. 

In rats the response of serum cholesterol to fats of 
varying degree of unsaturation is more complicated. 
However, when rats are made hypercholesterolemic by 
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hydrogenated coconut oil and cholesterol feeding, cod 
liver oil and linolenic acid depress serum cholesterol 
(Hauge and Nicolaysen (23)). 

Linolenic acid ethyl ester will also lower serum choles- 
terol of chicks and hamsters (Dam et al., unpublished). 

Chicks fed 1 per cent cholesterol and 10 per cent cod 
liver oil had lower plasma cholesterol than chicks fed 
1 per cent cholesterol and 10 per cent linseed oil (Dam 
el al. (15)). 

Whereas the influence offish oils and other unsaturated 
oils on plasma cholesterol is generally ascribed to the high 
degree of unsaturation of some of their fatty acids, some 
investigators have found that components of the un- 
saponifiable fraction is also of importance. Wood and 
Biely (47) and Wood (46) found that in fish liver oils that 
are very rich in vitamin A, such as halibut liver oil and 
ling-cod liver oil, vitamin A and therefore also the 
unsaponiiiable fraction as a whole exerts a plasma choles- 
terol lowering effect in chicks. 

Kinlcy and Krause (28) have found that ingestion of 
100,000 i.u. of vitamin A to hypercholesterolcmic patients 
lowered the elevated serum cholesterol, whereas in 
patients with normal serum cholesterol no such effect of 
vitamin A could be found. 

The use of fish liver oils extremely high in vitamin A 
would not seem to be a suitable remedy for high serum 
cholesterol, because of the risk of a toxic effect of large 
doses of vitamin A and of an accompanying high amount 
of vitamin D. Fish body oil must therefore be preferred. 

As far as other fats are concerned, Beveridge et al. (7) 
point out that the amount of cholesterol occurring in 
butter increases serum cholesterol in man. The same has 
been found to be true for rabbits (Punch et #/., unpub- 
lished). In vegetable oils the phytosterols will to some 
extent lessen the absorption of cholesterol from the 
intestine (Peterson (37)). 

The effect of the amount of cholesterol occurring in 
lish oils is usually negligible in comparison with the 
opposing effect of the unsaturated fatty acids. 

We have only a limited experience concerning the use 
of fish oils in patients, namely with two patients in the 
Geriatric Unit of the Old People's Town. Two samples 
of highly unsaturated triglyccridcs from menhaden body 
oil were placed at our disposal by the U.S. Fish and 
Wildlife Service, Seattle, Washington. 

The compositions of the two samples of menhaden oil 
are as follows : 



First sample (given 26 January 9 February, 1961): 

Dienoic acid . . . 2-39% 

Trienoic acid . . .1-27 % 

Tetracnoic acid . . 7-90% 

Pentaenoic acid . . 15-72% 

Hexaenoic acid . . 22-03% 
Pref. conj. dienoic acid . 1 -63 % 

Iodine value (Wijs) . . 226 



Second sample (given 4 April- 13 May, 1961): 

Dienoic acid . . . 1-57% 

Trienoic acid . . . 0-89% 

Tetracnoic acid . . 9-39% 

Pentaenoic acid . . 13-82% 

Hexaenoic acid . . 17-55% 

Pref. conj. dienoic acid . 2-54% 

Iodine value (Wijs) . . 220 

The fatty acids are determined by the alkali isomeriza- 
tion procedure described by Hammond and Lundberg 
(22). 

The two patients (one man and one woman) had 
moderately elevated serum cholesterol values. Serum 
cholesterol was determined twice a week through 190 
days. The fish oil concentrates were given in amounts 
from 10 ml. to 60 ml. per patient per day, in addition to 
the ordinary hospital diet which has an average fat content 
of 80 g. fat per day. 24 g. of the fat is ordinary margarine 
and 10 g. is butter. 

In patient No. 1 (Fig. 1) there was some decrease in 
serum cholesterol, especially during the last period offish 
oil ingestion, where 60 ml. was given per day. The 
increase subsequent to the period with the large amount 
of fish oil was also evident. 

In patient No. 2 (Fig. 2) the effect of fish oil was less 
pronounced. 

These few observations do not, of course, pretend to 
settle the question as to the value offish oil treatment as a 
cholesterol-lowering remedy; but they seem to show that 
short periods of addition of moderate amounts offish oil 
to an ordinary diet containing other fat cannot a priori 
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Fig. 2. In this patient the effects were fax pronounced (see text). 

be expected to produce a drastic fall in serum cholesterol 
in every case. 

In another series of experiments, 17 patients received 
for 21 days the ordinary hospital diet; then for 28 days 
"fish diet", but no meat, no eggs, no whole milk or cream ; 
10 g. of butter and 25 g. of ordinary margarine, and 30 g. 
of cheese containing less than 3 g. of fat were allowed. 
Thereafter they received again the ordinary hospital diet 
for 4 weeks. Fasting serum cholesterol was determined 
twice a week. The "fish diet" consisted of herring, trout, 
halibut, mackerel, cod, cod roe or, about once a week, 
eel, and, rarely, salmon. 

No difference in serum cholesterol values could be 
observed in the various periods. 

The mechanism through which polyenoic fatty acids 
influence the plasma cholesterol concentration has not 
yet been fully elucidated. It is worthwhile to remember 
that the effect (where there is an effect) sets in fairly 
rapidly, and that it disappears fairly rapidly when the 
ingestion of the polyunsaturated fatty acids is suspended. 
Filling up the tissues with polyenoic acids does not seem 
to have an effect on plasma cholesterol, when cholesterol 
is ingested later. This might suggest that the effect 
depends upon the simultaneous absorption of cholesterol 
and the fatty acids. It is generally assumed that choles- 
terol esters ingested with the food become hydrolysed in 
the lumen of the intestine, whereafter the cholesterol 
becomes (to a large extent) re-esterified during the passage 
through the intestinal wall. 

A priori one might expect that the polyunsaturated 
fatty acids would diminish absorption of cholesterol, as 
compared with saturated or less unsaturated. However, 
Byers and Friedman (13) found that the amount of choles- 



terol recovered in the intestinal lymph during 24 hours 
was greater for cholesterol-dosed rats fed soybean oil or 
corn oil than for rats fed lard or coconut oil. Thus the 
more unsaturated oils seemed to cause the greatest 
absorption of cholesterol. The excretion of bile acids 
during 24 hours in rats was found to be greater when the 
rats were fed a highly unsaturated oil (walnut oil) than 
when they were fed coconut oil. Gordon et al. (20) found, 
in humans, that the fall in serum cholesterol due to a 
highly unsaturated oil (sunflower seed oil) was accom- 
panied by a slight increase of the excretion of neutral 
sterols and a considerable increase of bile acids in the 
feces. These changes were interpreted as indication that 
the highly unsaturated fat promotes the catabolism and 
excretion of sterols. (Bergstrom (6) had isolated tauro- 
cholic acid as the main end-product of cholesterol 
metabolism in rats.) Alfin-Slater et al. (3) suggested that 
cholesterol, esteriiied with fatty acids other than poly- 
unsaturated fatty acids, is not available for proper 
metabolism. It seems likely that the effect of poly- 
unsaturated fatty acids on plasma cholesterol is to be 
explained in accordance herewith. That the low plasma 
cholesterol is not caused by retention of cholesterol in 
the liver has been shown by Frantz and Carey (19). 
Other investigators have studied the fatty acids in the 
lipids, especially the cholesteryl esters, of the arterial wall. 
The results presented by Bottcher et al. (8, 9, 10) do not 
support the hypothesis that the deposition of saturated 
cholesterol esters is a characteristic feature of athero- 
sclerosis in humans; but Swell et al. (41) found that 
plaques had significantly less linoleic and more oleic acid 
in that fraction than serum or media. Media and 
cholesterol ester fatty acids were similar in their fatty acid 
composition. 

Some investigators (Duguid (17), Astrup (5)) empha- 
sized that changes in blood coagulation and fibrinolysis 
are of primary importance in the development of cardio- 
vascular diseases. The question as to how different dietary 
fats influence these processes then becomes of interest. 
Keys et al. (25, 26) found that the silicone clotting time of 
whole blood was significantly shorter after all fatty meals, 
irrespective of the degree of saturation of the dietary fats, 
but not after the control carbohydrate meal. Ollendorf 
et al. (36) found a significant hypercoagulability in the 
blood during a period on a diet rich in soya-bean oil in 
comparison with periods on normal diet and on a diet 
rich in butterfat. Scott and Thomas (39) found that butter 
markedly and significantly prolonged lysis time of human 
plasma, whereas corn oil and coconut oil had less effect. 

So far we have mainly considered fats from the point 
of view of degree of unsaturation of the fatty acids. The 
chain length of the fatty acids is, however, also of some 
importance, especially in connection with marine oils, 
which contain a considerable proportion of fatty acids 
with 20 and 22 carbon atoms. According to Thomasson 
(43, 44) the long chain fatty acids (C ao , C 22 ) are more 
slowly absorbed and remain longer in the intestine than 
those with a shorter chain length. 
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Ill-effects resulting from the feeding of highly unsatu- 
rated fish oils (such as tuna oil, sardine oil, menhaden oil 
or cod liver oil) at a level of 10 per cent of the diet to rats 
have been reported by ErshofT (18). They were diarrhea 
and growth retardation. It is likely that they were, at 
least to a large extent, caused by autoxidation products 
of the fatty acids, since they could be partly prevented by 
simultaneous ingestion of free a-tocopherol or other anti- 
oxidants. Further, it is known that highly unsaturated 
fats, fed together with a diet containing an insufficient 
amount of vitamin E, produce various drastic diseases in 
animals. Highly unsaturated fat should not be given with- 
out sufficient vitamin E. 

Feeding of diets with 20 per cent cod liver oil to chicks 
caused severe liver damage which could not be prevented 
by any amount of a-tocopherol acetate (Dam and 
Sondergaard, unpublished). 

In conclusion, it seems that ingestion of fish oils, as 
well as other highly unsaturated fat, is worthwhile 
considering as one of several factors in the prophylaxis 
against cardiovascular disease. However, it is necessary 
to carry out more extensive studies of this problem. 
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COMPARATIVE EFFECTS OF MARINE OILS, 
MARINE OIL FRACTIONS AND WHOLE FISH MEALS 
ON HYPERCHOLESTEREMIC RATS 

by 
JAMES J. PE1FER 

Various investigators have found that the inclusion of certain unsaturated fats in the diet will promote a reduction in the blood 
cholesterol levels of atherosclerotic patients and experimental animals. Our previous studies with hypcrcholesteremic rats have demonstrated 
that marine oils, such as tuna and menhaden oils, arc more effective cholesterol depressants than linoleate, an essential fatty acid (bFA) 
and the most abundant polyunsaturated fatty acid found in our common dietary fats (Peifcr, et aL< Arch. Biochem. Biophyx., 86, I960). From 
the results of these experiments it was apparent that the depression of the blood cholesterol levels of the rat was not dependent upon either the 
availability of significant quantities of tiFA or upon the exclusion of non-essential unsaturated fatty acids from the diet. The complex mixture 
of fatty acids and non-saponifiablcs found in the two marine oils satisfied the rat's requirements for a rapid and significant reduction in the 
cholesterol levels of the blood. Further researches have revealed that the cholesterol depressant activities of tuna, menhaden and dog-fish 
liver oils are a reflection of the metabolic activities of the fatty acid components of these oils. The non-saponifiables of these marine oils had 
little effect on the hypercholesteremic condition of the rat. Glyceryl ethers, the non-saponifiable components commonly found in shark liver 
oils, had no apparent effects on the circulating cholesterol levels of the rat. In an attempt to establish the chemical nature of the fatty acid 
components responsible for the observed activity of marine oils, the esters prepared from menhaden oil fatty acids were separated into a 
scries of fractions differing in their relative degrees of unsaturation. These marine oil ester fractions were found to be more effective than 
common dietary fats and oils in reducing the blood and liver Jipids of the hypercholesteremic rat (Federation Proceed,, 20,93, 1961). The 
relative effects of the ester fractions and the dietary fat supplements were not directly related to the total unsaturation of these oils. The men- 
haden esters were far more effective in reducing the tissue lipids of the rat than could be predicted on the basis of the total unsaluration of 
these fractions. 

Although commercially prepared marine oils are effective agents for reducing blood cholesterol levels in man and experimental 
animals (Ahrens; Bronte-Stewart; Hauge; etc.), a more practical form of supplying such oils would be the ingestion of fish products con- 
taining the marine oils. Hypercholesteremic rats fed with whole fish meal from menhaden, mullet, salmon and perch, showed a rapid and 
significant reduction in their circulating lipids. These effects were duplicated by feeding rats equivalent amounts of the marine oils extracted 
from the meal. The non-lipid components of the fish meal had no apparent effects on the circulating lipids of the rats. 

Notes: 1. A detailed description of many of these researches is included in a series of manuscripts being prepared for publication. 

2. These researches were supported by the Fish and Wildlife Service of the U.S. Department of Interior, the American Heart Associa- 
tion, and the National Institutes of Health. 

3. The author is an Established Investigator of the American Heart Association and Research Associate of the University of 
Minnesota. 



EFFETS COMPARES DES HUILES D'ORIGINE MARINE, DE LEURS FRACTIONS ET DES 
FAR1NES TOTALES DE POISSON SUR LES RATS HYPERCHOLESTEREM1QUES 

Divers chercheurs ont trouvc que la presence de certaines graisses insaturees dans le regime alimentaire amenc unc reduction des tuux 
de cholesterol sanguin chez certains patients atteints d'atherosclerose et chez des animaux d'essais. Nos etudes anterieures sur des rats hyper- 
cholesteremiques ont demontre que les huiles d'origine marine, telles que les huiles de thon et de menhaden, etaient des agents abaisscurs 
de cholesterol plus efficaces que le linoleate, un acide gras essentiel (AGE) et 1'acide gras polyinsature le plus abondant trouve dans les graisses 
de nos regimes habituels (Peifer, et #/., Arch. Biochem. Biophys., 86, 1960). D'aprcs les resultats de ces experiences, il 6tait apparent que 
I'abaissement des taux de cholesterol sanguin che? le rat ne dpcndait ni du fait que des quantites notables d'AGE soient disponibles, ni du 
fait que des acides gras insatures npn essentiels soient exclus du regime. Le melange complexe des acides gras et des insaponifiables trouves 
dans les deux huiles d'origine marine repondaient che/ les rats aux exigences nccessaires pour obtenir une reduction rapide et significative 
des taux de leur cholesterol sanguin. Des recherchcs ult6rieurcs ont revele que les activites d'abaissement du cholesterol des huiles de foie de 
thon, de menhaden ct de dog-fish reflechissaicnt les activites de metabolisme des acides gras composants de ces huiles. Les insaponifiables 
de ces huiles avaient peu d'effet sur l'6tat hypercholcsteremique du rat. Les ethers glyceriques, composants insaponifiables communs des 
huiles de foie de requin, n'avaient pas d'effets apparcnts sur les taux de cholesterol circulatoire chez le rat. Dans le but d'etablir la nature 
chimique des composants acides gras responsables de I'activit6 observed des huiles d'origine marine, on a s6par6 les esters prepares depuis les 
acides gras d'huilc de menhaden en une serie de fractions different dans leur degre relatif d'insaturation. Ces fractions (Testers d'huiles 
d'origine marine se sont montrees plus efficaces que les graisses et les huiles dietetiqucs communes pour red u ire les lipides du sang et du foie 
chez le rat hypercholesteremique (Federation Proceed., 20, 93, 1961 ). Les effets rclatifs de ces fractions d'esters et des supplements de graisses 
didtetiques n 'etaient pas en relation directc avec 1'insaturation totale de ces huiles. Les esters d'huile de menhaden etaient bien plus agissants 
pour reduire les lipides des tissus chez le rat qu'on aurait pu Je prevoir d'apres 1'insaturation totale de ces fractions. 

Bien que les huiles commerciales d'origine marine soient des agents efficaces pour reduire les taux de cholesterol sanguin chez les 
hommes ct les animaux d'essai (Ahrens; Bronte-Stewart; Hauge; etc.), une facon plus pratique de fournir ces huiles consisterait a faire inggrer 
des produits du poisson qui les contiennent. Des rats hypercholester&niques alimentes avec des farines totales de menhaden, de mulct, de 
saumon et de perche montraient une reduction rapide ct significative de leurs lipides circulatoires. Ces effets ont et6 reproduits en alimentant 
les rats avec des quantites 6quivalentes d'huiles extraites de ces farines. Les composants non lipidiques des farines de poisson n'amenaient 
pas d'effets apparents sur les lipides circulatoires chez les rats. 

Notes: 1 . Une description detail lee de la plupart de ces recherches est comprise dans unc serie de manuscrits en cours de preparation pour 
leur publication. 

2. Ces recherches ont M subventionnees par le Fish and Wildlife Service du Department of Interior des E.-U., rAmerican Heart 
Association et les National Institutes of Health. 

3. L'auteur est un cherchcur permanent de rAmerican Heart Association et assoctt de recherches de J'Universite du Minnesota. 
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Comparative Effects of Various Fish Oils Under Test 

EFECTOS COMPARATIVOS DE LOS ACE1TES MAKINGS, FRACCIONES DE ACEITES MAKINGS 
Y HARINAS DE PESCADO 1NTEGRALES EN RATAS HIPERCGLESTEREM1CAS 

Varios investigadores ban observado que la inclusi6n dc cicrtas grasas no saturadas en la alimentacion promucve una reduccion de 
las concentraciones de colesterol en la sangre de enfermos dc aterosclerosis y animales experimentales. Nuestros estudios previos con ratas 
hipercolcstcremicas ban demostrado que los aceites de origen marino, tales como los de atun y lacha, son deprimentes del colesterol mas 
eficaces que el linoleato, un acido graso esencial, y el mas abundante dc los acidos grasos con varios enlaces no saturados que se encuentran 
en las grasas corricntcs de nuestra alimentacibn (Peifer et al.. Arch. Biochem. Biophys., 86, 1960). De los resultados de estos experimented se 
dedujo que la reduccion de las concentraciones de colesterol en la sangre de la rata no dependia de la disponibilidad de cantidadcs sensibles 
de un acido graso esencial ni de la exclusion de acidos grasos no saturadps no esenciales. La mezcla completa de acidos grasos y substancias 
no saponificables encontradas en dos aceites marinos, satisfizo la necesidad de la rata de una reduccion rapida e importante en las con- 
centraciones de colesterol en la sangre. Investigaciones ulteriores ban revelado que las actividades deprimentes del colesterol de aceites de 
higado de atun, lacha, y cazon son un reflejo de las actividades metab61icas de los acidos grasos componentes de estos aceites. Las substancias 
no saponificables de estos aceites marinos tenian poco efecto en el estado hipercolesteremico de la rata. Los eteres de glicerilo, o compuestos 
no saponificables encontrados normalmente en los aceites de higado de tiburon, no tenian efectos aparcntes en las concentraciones de colesterol 
en el sistema circulatorio de la rata. En una tentativa de establecer la naturalcza quimica de los acidos grasos componentes causantes de 
la actividad obseryada en aceites marinos, los esteres preparados a partir de acidos grasos del aceite de lacha sc separaron en una serie 
dc fracciones que diferian en sus grades relatives de insaturacibn. Estas fracciones de dsteres de aceites marinos resultaron ser mas eficaces que 
las grasas y aceites de la alimentaci6n corrientc en la reduccion de los lipidos de la sangre e higado de la rata hipercolcstcrcmica (Federation 
Proceed., 20,93, 1961). Los efectos relativos de las fracciones de los esteres y de los complementos grasos de la alimentacion no estaban 
relacionados directamente a la insaturacidn total de estos aceites. Los esteres del aceite de lacha eran mucho mas eficaces en la reduccion 
de los lipidos de la rata dc lo que podia anticipate basandose en la insaturacion total de estas fracciones. 

Aunque los aceites marinos del comercio son agentes eficaces en la reduccion de las concentraciones de colesterol en el hombre y 
los animales experimentales (Ahrens; Bronte-Stewart; Hauge; etc.), una forma mas practica de suministrar estos aceites seria mediantc la 
ingest ion de los productos pesqueros que los contienen. Las ratas hipercolesteremicas alimentadas con harinas integrates de lacha, mujol, 
salm6n y perca experimentaron rapidamcnte una rcducci6n significativa en los lipidos de la sangre. Se consiguieron cxactamcnte los mismos 
efectos alimentando a las ratas con cantidades equivalentes de los aceites marinos cxtractados de las harinas. Los compuestos no lipidicos 
dc las harinas de pescado no tenian efectos aparcntes en los lipidos de la sangre de las ratas. 

Notas' 1. Una description detallada de muchas de estas investigacioncs aparcce en una serie de manuscritos que se preparan para la 
publication. 

2. Estas invest igaciones las apoyaron el Servicio de Caza y Pesca de la Secrctaria Interior de los H.U.A., la "American Heart Associa- 
tion'* y el "National Institutes of Health". 

3. El autor es investigador permanente de la American Heart Association y asociado de investigaciones de la Universidad de 
Minnesota. 
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THE RELATION OF FISH AND FISH PRODUCTS TO PLASMA 
LIPIDS AND POSSIBLY TO ATHEROGENESIS 

by 
L. W. K1NSELL 

That polyunsaturated fal derived from vegetable oil, as well as synthetic ethyl linoleate and triolcin, will appreciably lower the level 
of the circulating plasma lipids has been well demonstrated. This observation raises various questions, such as: 

(1) Is this effect limited to polyunsaturated fatty acids which are known to be essential, at least in the growing rat? 

(2) If so. does elevation of plasma lipids represent a manifestation of essential fatty acid deficiency, at least in some instances? 
Recent work has indicated that the highly unsaturated fats, derived from fish and containing little or no "essential fatty acids", are 

capable of producing a major decrease in the level of circulating plasma lipids when ingested by normal and abnormal human subjects. This 
seems to indicate that the plasma-lipid-lowering effect of unsaturated fats is not related to the essentiality of the polyunsaturated fatty acids 
which they contain, and that therefore hyperlipidemia is not a manifestation of essential fatty acid insufficiency. 

Recent studies in our laboratory, including silicic acid chromatography for separation of the plasma lipids, and gas chromatography 
for quantitative determinations of the individual fatty acids composing the different plasma lipid fractions, have shown that different fractions 
offish oils produce differing effects on the level of plasma lipids. Specifically, a fraction with an iodine value in excess of 300 has been shown 
to have a major hypolipidemic effect. The two chief components of this fraction are a pentaenoic C ao fatty acid and a hexaenoic C 22 fatty 
acid. In the cholesterol ester fractions of some of the patients receiving this material, highly unsaturated fatty acids, not identical with the fatty 
acids fed, have been noted. In some instances there seems to have been an increase in urachidonic acid. Highly unsaturated fatty acids have 
also been noted at times in some of the other plasma lipid fractions. 

Studies have shown that mixed diets containing large amounts offish have produced much lower plasma lipid levels than diets of 
approximately equal protein and fat content derived from meat and dairy products. Further studies using quantitatively constant diets are 
currently being made in patients under precisely controlled conditions on the metabolic ward. 

On the basis of these observations it seems that the mgestion offish and fish derivatives is associated with relatively and absolutely 
low levels of plasma lipids, as compared with diets containing little or no fish. There is also a suggestion that some of the "non-essential" 
polyunsaturated fatty acids of fish, when consumed by the adult human, are transformed to polyunsaturated fatty acids which are "essential".* 
It cannot, therefore, be categorically stated that the effect of polyunsaturated fatty acid upon plasma lipids is unrelated to essentiality. In 
view of the relationship between elevated plasma lipids and predisposition to coronary heart disease and other manifestations of athero- 
sclerosis, there is every reason to evaluate critically the place of fish in the dietary with particular reference to the possibility of a desirable 
effect upon production or progression of degenerative vascular disease. 

* Since presentation of this paper it has been demonstrated that the fatty acid with an approximate retention time of the C 20 : 4 
standard is not arachidonic acid. 

LES RELATIONS DES L1PIDES DU PLASMA ET, PROBABLEMHNT. DE L'ATHEROGENESE 
AVEC LE POISSON ET LES PRODU1TS DU POISSON 

II a etc largemcnt demontre que les graisses polyinsaturees derivees des huilcs vcgetales peuvcnt abaisser d'une fa von appreciable 
et aussi bien que la linoleate d'elhyle synthetique el la tnoleine, le taux des lipidcs circulatoires du plasma. 
Cetle observation souleve diverses questions, dont les suivantes: 

(1) Est-cc que cet effct est limite aux acides gras polyinsatures que Ton sail bien etre csscnlicls, au moins chcz le rat en cours de 
croissance? 

(2) S'il en est ainsi, est-ce que Tdevation des lipides du plasma represente unc manifestation d'une deficience en acides gras csscnticls, 
au moins dans certains cas? 

Des etudes recentcs a montre que les graisses hautcment insaturees, derivees du poisson et conlenant pen ou pas d'acidcs gras essentiels, 
sont capables de produire une diminution importantc du taux de lipides circulatoires du plasma, quand elles sont mger6cs par des sujcts 
humains. normaux ou anormaux. Cela semblc indiquer que I'effel d'abaissemcnt des lipides du plasma presente par les graisses msalurees 
n'est pas relie au caracterc essentiel des acides gras polyinsatures qu'elles contiennent et que, par consequent, 1'hyperlipidcmic n'est pas une 
manifestation d'une deficience en acides gras essentiels. 

Des experiences conduites il y a pen de temps dans noire laboratoire, qui comprennenl la chromatographie a 1'acide silicique pour 
la separation des lipides du plasma et la chromatographie en phase ga/euse pour la nicsurc quantitative des acides gras mdividuels qui com- 
posent les differcntcs fractions des lipides du plasma, ont montre que des fractions diflerentes d'huiles de poisson produisent des effets dis- 
semblables sur le laux des lipides du plasma. En particulier, une fraction, dont 1'indice d'iodc exc6dait 300, a presente un effet hypolipidemique 
tres important. Les deux composants principaux dc cette fraction etaient un acide gras penteno'fque en C 20 el un acide gras hexanolque en 
C 22 . Dans les fractions d'ester de cholesterol chez quelques-uns des patients qui recevaient ce produit, on a note des acides haulement in- 
salures qui n'elaient pas identiques aux acides gras ingeres. Dans quclques cas, il a sembie qu'il y ait eu une augmentation de 1'acide arachi- 
doniquc. Des acides gras hautemcnt insatures onl etc egalement notes par instants dans quelques-unes des autres fractions de lipides du plasma. 

Des etudes ont montre que des regimes mixtes, contenant de grandes quantites de poisson, avaient amen6 des teneurs en lipides du 
plasma bien plus basses que des regimes derives de viandes et de produits laitiers, et dont la teneur en proteines et en graisses etait a pcu 
pres identique. Des Eludes ulterieures avec des regimes quantitatiyement constants vont se poursuivre normalement sur des patients en chambre 
d'observation du metabolisme sous des conditions controlees precises. 

Sur la base des observations precedentes, il semble que 1'ingestion de poisson et de produits derives du poisson s'accpmpagne, en 
valeur relative et absolue, de niveaux bas de lipides du plasma, en comparaison avec des regimes contenant peu ou pas de poisson. On est 
conduit egalement a penscr que quelques-uns des acides gras polyinsatures "non-esscnticls" du poisson se transformcnt, lorsqu'ils sont 
consommes par I'homme adulte, en acides gras polyinsatures "essentiels".* Par consequent, on ne pcut pas affirmer d'une f aeon cat egorique 
que faction des acides gras polyinsatures sur les lipides du plasma ne soil pas reliee au fait d'etre essentiels. Devant les relations exist ant 
cntre des teneurs elevens en lipides du plasma et une predisposition aux corona rites et autres manifestations de rath6rosclerose, il y a une 
raison importante d'cvaluer d'une facon critique la place du poisson en di6tetique, en tenant compte particulierement des possibilites 
d'obtenir un effet heureux a T6gard de Tapparition ou la progression des maladies de degeneration vasculaire. 

* DepuisTa presentation de cet article, on a demontre que Pacide gras qui presente le temps de retention approximatif de la normc 
C 20 : 4 nest pas 1'acide arachidonique. 
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Relation of Fish Products to Plasma Lipids 

RELACION DEL PESCADO Y LOS PRODUCTOS PESQUEROS CON LOS LIPTDOS DEL PLASMA 

Y, POS1BLEMENTE, CON LA ATEROGENESIS 

Se ha demostrado claramente que las grasas con yarios enlaces no saturados procedentes de aceites vegetales, asi como el ctilinoleato 
y trioleina sinteticos, rcducen sensiblemente la concentracion de lipidos en el plasma sanguinco. FIsta observaci6n plantea varias cucstiones, 
entre las que estan : 

1 I ) i,Se limita cste efecto a los acidos grasos con varios enlaces no saturados de los que se sabe son esenciales por lo menos para la 
rata en crecimiento? 

(2) De ser este el caso, /.representa el aumento dc la concentracion de lipidos del plasma una manifestacion de deficiencia de acidos 
grasos esenciales, por lo menos en algunos casos? 

Investigaciones recientes indican que las grasas altamente no saturadas, derivadas del pescado y conteniendo pocos o ningun acido 
graso csencial, son capaces de producir una gran contraccibn de la concent raci6n dc lipidos en el plasma sanguineo cuando las ingieren seres 
humanos normales y anormales. Esto parece indicar que el efecto reductor de lipidos del plasma que tiencn las grasas no saturadas no estii 
relacionado con la esencialidad de los acidos grasos con varios enlaces no saturados que contienen, y que, por lo tanto, lu hiperlipidcmia 
no es una manifestacion de insuficiencia de acidos grasos esenciales. 

Estudios realizados recientementc en nuestro laboratorio, entre los que estaban la cromatografia a travcs de acido silicico para 
separar los lipidos del plasma y cromatografia a traves de gas para las determinacioncs cuantitativas de los acidos grasos individuales que 
componen las diferentes fracciones de los lipidos del plasma, han demostrado que diversas fracciones de aceites de pescado tienen efectos 
distintos en la concentracion de lipidos en el plasma. Especificamcnte, una fraccion con un indice de yodo superior a 300 se ha demostrado 
que tiene un mayor efecto hipolipidemico. Los dos componentes principales de esla fraccion son un acido graso pentaenoico C 80 y un acido 
graso hexaenoico C sa . En las fracciones de los estcres de colcslcrol de algunos pacientes a los que se administraba esta substancia, se observaron 
acidos grasos allamente no saturados que no eran identicos a los acidos grasos de la alimentacion. En algunos casos, parece haber habido un 
incremento del acido araquidonico. Acidos grasos altamente no saturados tambien se han observado en ocasiones en algunas dc las otras 
fracciones de los lipidos del plasma. 

Los estudios han dcmostrado que las dietas mixtas que contienen grandcs cuntidadcs de pescado han arrqjado recuentos de lipidos 
del plasma mucho menores que las que contienen cantidadcs aproximadamente iguales de proteina y grasa procedentes de la carnc y dc los 
productos lacleos. Esmdios ulteriores empleando dietas constantes cuanlilativumenlc se llevan a cabo actualmente con enfermos mantenidos 
en condiciones repuladas exuctumentc en la sala dc casos de metabolismo. 

Kasandose en las observaciones citadas, parece desprenderse que la ingest ion de pescado y derivados de cste esla asociadu con 
concentraciones bajas rclaliva y absolulamcnte con respecto a dietas que contienen poco o ningun pescado. Tambien se sugiere que algunos 
de los acidos grasos con varios enlaces no saturados "no esenciales", cuando los consumen personas adultas, se transforman en acidos 
grasos con varios enlaces no saturados "esenciales".* Por lo tanto, no pucde afirmarse categ6ncamente que el efecto de los acidos grasos con 
varios enlaces no saturados en los lipidos del plasma no cste relacionado con la esencialidad. En vista de la rclacion entre la gran conccntra- 
ci6n de lipidos en el plasma y la predisposicion a enfermedades coronarias del cora/6n y otras manifestaciones de aterosclerosis, existe una 
importantisima razon para determinar crilicamenlc el lugar del pescado en la alimentacion, con especial referenda a la posibilidad de lograr 
un efecto favorable en la produccion o progresion de enfermedades vasculares degenerativas. 

* Desde la presentation de esta ponencia se ha demostrado que el acido graso con un tiempo de rctcncion aproximado del patron 
C 20 : 4 no es acido araquidonico 
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POLYUNSATURATED FATTY ACIDS IN FISH FAT, IN THE DIET 

AND IN THE BLOOD 

by 
OLAV NOTEVARP AND BJORG N. CYVIN 

Results are reported which confirm that marine oils are particularly rich in their contents of higher polyunsaturated fatty acids 
(PUFA), pentaenoic and hexaenoic acids, while animal fats are low in their contents of PUFA, and vegetable oils in the higher PUFA. 
The relatively high contents of the higher PUFA in the liver and brain fats of cattle, horse and pigs, and in the liver oils of salmon, trout 
and whale, as well as in the phosphatides of cod and herring flesh, and of egg yolk, are suggested to indicate the important rdle of these acids 
in biological processes. 

Data are presented which suggest that the content of total fatty acids (TFA), especially the sum of saturated and monoenoic acids 
(S -} MFA) in blood serum may be a better index of atherosclerosis than cholesterol. 

The failure of the human system to synthesize PUFA was confirmed. The contents of hexaenoic and pentaenoic acids in the serum 
lipids of healthy persons between 40 and 69 years of age were, respectively, 50 per cent and 80 per cent higher than in atherosclerotic patients. 
Both in atherosclerotic patients and in healthy persons, addition of 5 ml. of cod liver oil daily in the diet increased the contents of hexa- and 
pentaenoic acids in serum lipids while it lowered the contents of TFA, particularly S 4- MFA. Addition of soybean oil in the diet increased 
the content of dienoic acid in serum lipid but had no appreciable effects on the other PUFA. 

Attention is drawn to the significant role of the hexa- and pentaenoic acids and consequently of seafoods in human nutrition which 
the results reported in the article indicate. 

ACIDES GRAS POLYINSATURES DANS LA GRAISSE DE POISSON, DANS LE REGIME ALIMENTAIRE 

ET DANS LE SERUM DU SANG 

On presente des resultats d'analyse qui confirment la richesse particuliere des huiles d'originc marine en acides gras polyinsatures 
(AGPI), notamment en acides penta- ct hexa-enolques, alors que les AGPl se presentcnt avec de basses teneurs dans les graisses animates 
ainsi que, pour les AGPl les plus eleves, dans les huiles vgetales. La teneur relativement haute en AGPI eleves dans le foie ct Ic cervcau des 
ruminants, du cheval et du pore, et dans les huiles de foie de saumon, de truite et de baleine, comme dans les phosphatides de la chair de 
morue et de hareng et dans le jaune d'oeuf, nous paraisscnt indiquer le role important de ces acides dans les processus biologiques. 

On presente des donnees qui amfcnent conclure que la teneur en acides gras totaux (AGT), notamment la sommc de ccs acides 
satures et monoenoXques (ACS \ M) dans le serum du sang, peut etre un indice d'athdrosclerose meilleur que le cholesterol. 

On a confirm* Hncapacit6 du systeme humain a effectuer la synthese des AGPI. Les teneurs en acides hexa- et penta-enoi'qucs dans 
les lipides du serum dc personnes saines de 40 a 69 ans se sont montrees respectivement de 50 et 80% plus elevees que chez des malades 
atteints d'atherosclerose. Chez ces derniers comme chez les personnes saines, 1'addition de 5 ml. par jour d'huile dc foie de morue dans le 
regime alimentaire accrolt la teneur en acides hexa- ct penta-enolques dans les lipides du serum alors qu'il abaisse la teneur en AGT et 
notamment en AGS -f M. L'addition d'huile de soja dans le regime accroit la teneur en acide dienoKque dans les lipides du serum, mais n'a 
pas d'effets marquds sur les autres AGPl. 

On souligne le role significatif des acides hexa- et penta-cnoKques et, par consequent, celui des aliments d'originc marine en nutrition 
humaine, tcls que les indiqucnt les resultats presenter dans cet article. 

ACIDOS GRASOS CON VAR1OS ENLACES NO SATURADOS EN LA GRASA 
DEL PESCADO, EN LA ALIMENTACION Y EN EL SUERO SANGUINED 

Se com un lean resultados que confirman que en los aceites marines abundan en particular los acidos grasos con yarios enlaces in- 
saturados (AGEI), especialmente los penta y hexaenoicos, en tanto que en las grasas animates escasean todos y en los aceites vegetales, los 
mas insaturados. El contenido relativamente elevado de los acidos grasos mas altamente insaturados en las grasas del higado y cerebro de 
ganado vacuno, caballar y de ccrda, en los aceites de higado de salmon, trucha y ballena y en los fosfatidos de carnc de bacalao y arenque y 
en la yema de huevos, parecen indicar que estos acidos desempefian un papel importante en los procesos bio!6gicos. 

Se dan datos que indican que el contenido de acidos grasos totales, particularmente la suma de los saturados y los monoenoicos, en 
el suero sangufneo puede ser un indice mas exacto de aterosclerosis que el colesterol. 

Se confirma la incapacidad del cuerpo humano de sintetizar los AGEI. En los lipidos del suero de personas sanas de 40 y 69 aftos, 
cl contenido de acidos hexa y pentaenoicos fueron, respectivamente, de un 50 y un 80% mayores que en enfermos dc aterosclerosis. Tanto 
en el caso dc estos como en el de personas sanas, la adici6n diaria de 5 ml. de aceite de higado dc bacalao a la alimentacibn increment6 el 
contenido de acidos hexa y pentaenoicos en los lipidos del suero y redujo el de|acidps grasos totales, particulurmentc de los saturados y 
monoenoicos; la adicidn de aceite de soja aumentaba el de acido dienoico en los lipidos del suero, pero no tenia efectos sensibles en los 
otros AGEI. 

Se pone de relieve el importante papcl de los acidos hexa y pentaenoicos y, por lo tanto, de los alimentos dc origen marino en la 
nutrici6n humana, como lo indican los resultados mencionados en esta ponencia. 



THE knowledge about fatty acid (FA) composition natural fats have been determined, and the characteristic 

of fats has been extended very much in the last differences in the PUFA patterns of fat from marine 

10 years, especially by the introduction of spectro- animals, land animals and plant products clearly 

photometric and gaschromatographic methods in fat demonstrated. 

research. The average content and distribution of poly- It has also been found that natural fats contain more 

unsaturated fatty acids (PUFA) in most of the common fatty acids and isomers than formerly realized. Klenk 
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Polyunsaturated Fatty Acids in the Diet and Blood 



and Steinbach (5), Stoffel and Ahrens (16), and others 
have shown that this especially applies to fish fats. The 
most abundant and characteristic PLJFA of marine fats, 
however, are the C 22 -hexaenoic, the C 20 -pentaenoic and 
C 18 -tetraenoic acids, together with a little C 22 -pentaenoic 
and C 20 -tetraenoic acids. 

The total content of hexaenes, pentaenes, and tetraenes 
may be most accurately determined by their ultraviolet 
absorption after isomerization. In our work this method 
has been used for the determination of the PUFA group 
in fats from fish and fish products, milk, eggs, meats, 
different animal organs, cereals and other plant products, 
and in the blood serum from healthy men and from 
patients who have had one or more heart attacks. The 
intention has especially been to determine the distribu- 
tion of the characteristic "marine" PUFA, the hexa- 
and pentaenoic acids, in foods, organs and blood. 

This paper comprises fractions of our work, especially 
PUFA in fish fats, in the diet and in blood serum fats 
from healthy men and atherosclerotic patients. More 
detailed data for fish fats, is given in (6), and for blood 
serum fats in (7, 8, 9). 

Material and methods 

During the last 7-8 years samples have been collected 
of fish liver oils, all fish body oils and depot fats from 
fish and whales off the Norwegian coast and from the 
Antarctic. For the more important oils, e.g. cod-liver oil, 
herring, capelin and antarctic whale oils, the values 
shown are averages of 10 to more than 50 samples of 
each species and from different seasons. For milk and 
pig fats, the PUFA contents have also been determined 
in connection with feeding experiments (7, 11), and about 
50 milk and 20 pig fat samples have been examined. 
Most of the other results represent averages of a number 
of samples, indicated in Tables 1 to IV, when the values 
have been determined in our laboratory. 

The blood sera have mainly been obtained from the 
Central Hospital in Trondheim, through Dr. J. C. Lund, 
who suggested PUFA determinations in the blood 



because some relationship seems to exist between the 
PUFA content of the diet and the cholesterol content 
in the blood. All samples were taken in the morning, 
before any food had been consumed by the donor. 

Some more determinations were done later on the 
effects of soybean oil and cod-liver oil in the diet on the 
PUFA content of blood serum fat. 

The serum lipids were extracted by boiling absolute 
ethanol; the extract was then saponified and acidified, 
and the FA extracted with petrol ether. The acid content 
was determined by titration, the acid alkaliisomerized 
in micro scale, and the ultraviolet absorption determined 
in a Beckman recording spectrophotometer. PUFA in 
the other fats, oils and lipids were determined directly in 
the isolated fats or fatty acids on 30 mg. samples. These 
samples were isomerized in 10-11 g. 18 per cent KOH 
in ethylene glycol for 8 min. by 18CTC. For blood serum 
fat about 0-5-1-5 mg. of FA and 0-5 ml. KOH-solution 
have been used. 

For the calculation of the contents, constants deter- 
mined in our laboratory by O. Hoyland (4) on pure 
C 22 -hexa-, C 20 - and C 22 -penta- and C IR and C 20 - 
tetraenoic acids, prepared by himself, and of pure 
linolenic and linoleic acids, have been used: 

K-values( -^ E 10g./H cm.) 



Wave lengths, A : 
Hexaene, C 22 
Pentaenes, C 20 -C 2 o 

(ab. 0-9-0-1) ."" 
Tetraenes, C 18 -C 20 

(ab. 0-9-0-1) . 
Trienes, C 18 
Dienes, C 18 



3730 3460 3150 2690 2340 
43 55 61 50 55 











58 69 57 57-5 









75 





51 

89 





33 
48 
94 



Hoyland has also made many of the PUFA determina- 
tions referred to in this paper. 

Results 

(a) Meat, milk, egg, and margarine fats. Table 1 shows 

some of the mean values. The ruminants depot fats and 



TABLE I 
Average contents of fatty acid groups in meat, milk, egg and margarine fat 



Source 

Cattle . 
Sheep 
Horse 
Pig 
Cows milk 
Human milk 
Horse milk ' 
Eggs 
Margarine, ordi 
Margarine, veg< 


nary 
stable 



(L) 

(L) 

(U 

20 

52 

10 

4 

2 

3 

3 



% of total fatty acids 
Saturated Monoenoic Dienoic Trienoic Tetraenoic 



50 
58 
33 
40 
69 
48 
34 
27 
45 
55 



47 
38 
33 
48 
26 
43 
32 
62 
50 
35 



2 





3 


1 


7 


14 


9 


1-5 


2-5(1-4) 


0-8 


5-1 (4-4) 


0-8 


11 


16-7 


8 


0-2 


4-8 


0-5 


9-10 


1 







6-8? 

0-4 

0-2 

0-4 

Q-3 

0-7 







Pentaenoic Hexaenoic 















7 


7 


6-1-0-2 


6-1-0-2 


0-25 


0-1 


0-5 


0-8 


0-08 


0-06 


0-2 


0-9 















n: Number of samples examined. (L): Figures from literature (2) ? Indicates that values are not available or uncertain. Bracketed values 
for milk fats indicate linoleic acid. The differences are conjugated dienoic acids. 
1 Pasture fed. 
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TABLE II 
Average contents of fatty acid groups in fish, whale and fish products 



Source 

Herring, body 

Herring, flesh . 

Mackerel, flesh. 

Sprat, body 

Capclin, body . 

Salmon, sea, flesh 

Whale, antarctic, blubber 1 

Brit, antarctic 

Cod, liver 

Saith, liver 

Cod roe . 

Salmon, roe ... 

Herring, milt . 



>25 
3 
1 
1 

>20 
3 

>50 
1 



Saturated 


Monoenoic 


25 


55 


27 


52 


20 


54 


13 


54 


25 


60 


30 


40 


25 


53 


37 


27-5 


17 


49 


18 


51 


21 


35 


21 


42 


(30) 


(10) 



% of total fatty acids 
Dienoic Trienoic Tetraenoic Pentaenoic Hexaenoic 



3-5 

4-0 

5-5 

4-5 

2-5 

2-5 

3-5 

2-5 

3-5 

3 

2 

2 

4 



2 
1-5 

3 
2 



5 
5 

0-5 



0-5 



3-5 

3-5 

5 

4-5 

1-5 

2-5 

2 

3 

2-5 

3 

3 

1-7 

3 



9 

7 

7 
10 

5-5 

8 
10 
19-5 
12 
12 
13 
16 
15 



7 

5 

5-5 
12 

4-5 
16 

5-5 
10 
14 
11 
25 
17 
35 



1 Mean values for blue and fin whales, because their mean fatty acids distribution has not been found significantly different and seems to 
depend mainly on their feed and condition. 
( ) Indicate that figures are approximate. 



TABLE III 
Average contents of fatty acid groups in fatty acids from different organs and phosphatides 



Source n 

Salmon, sea, liver .... 2 

Trout, fresh water, liver ... 1 

Whale, liver 4 

Pig, liver ..... 5 

Pig, brain 6 

Whale, brain 4 

Cattle, brain 1 

Horse, brain ..... 1 
Phosphatide f.a. from: 

Cod flesh 1 

Herring flesh .... 1 

Egg yolk 2 

Blood serum (healthy men) . . >50 

( ) Indicates that figures are approximate. 



Saturated Monoenoic 



12 

10 

40 

25 

64 

44 

(35) 

(65) 



55 
69 
28 
40 
17 
42 
(10) 
(5) 



32 



%of total fatty acids 
Dienoic Trienoic Tetraenoic Pentaenoic Hexaenoic 



4 

6-4 
4 
12 
4 
3 
8 
6 

4-5 
3-4 
9 
23 



2-5 
4-1 
2 

4-5 
4-5 
3 

10 
6 

0-5 
0-7 
1 
1-5 



5-5 

2-9 

6 

8 

5 

3 

9 

7 

7 

1-5 
3 
3 



12 

3-3 
14 

6 

1 

1-5 
3 
1 

21 

14 
0-8 
2-8 



9-5 
4-4 
6 
5 
5 

3-2 

14-5 

9-5 

27 

33 

4 

2-5 



TABLE IV 
Average contents of fatty acid groups in fatty acids from vegetables 



Source 

Wheat .... 

Rye .... 

Barley .... 

Oats .... 

Corn .... 

Soybeans 

Peanut .... 

Coconut .... 

Peas, green 

Spinach .... 

Lettuce, green . 

(L): Figures from literature (2). 



n 

6 

4 

4 

3 
(L) 

5 

(L) 
(L) 

1 

1 



Saturated Monoenoic 



20 
18 
20 
15 
12 
14 
19 
91 

22-5 

14 

8 



21 
23 
25 
39 
30 
26 
50 
7 

14 
15 
38 



% of total fatty acids 
Dienoic Trienoic Tetraenoic Pentaenoic Hexaenoic 



50 
44 
48 
38 
55 
52 
30 
1 

52 
25 
54 



6 
6 
5 
2 
1 
7 


11 
44 




0-3 

0-5 

0-5 

0-5 









0-1 

1-1 





0-3 

0-5 

0-4 

0-2 











0-3 
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milk fats contain very little PUFA; pork fat, human 
milk and egg fat 5 10 per cent linolenic acid and a 
little of the PUFA with higher degree of unsaturation. 
Horse and horse milk fats are characterized by their 
high trienoic acid contents. 

(b) Fats from fish, whale and fish products (Table 11). All 
marine oils and fats contain appreciable amounts of 
hexaenoic and pentaenoic acids. Salmon flesh fat has the 
highest percentage of the fish flesh fats shown, whilst liver 
oils ordinarily contain 10-15 per cent hexaenoic and 
10-13 per cent pentaenoic acids. Fatty acids from 
herring milt have been found to contain up to 40, and 
cod roe up to 30 per cent hexaenoic acid. The fat of brit, 
the important food for the antarctic whales, was found 
to contain about twice as much pentaenoic and hexaenoic 
acid as the ordinary antarctic whale oil. 

(c) Different organs and phosphatides. PUFA values for 
fatty acids from different organs and phosphatides are 
shown in Table III. All of the organs contain appreciable 
amounts of hexaenoic, the livers contain perceptible 
quantities of pentaenoic acids also. The brain fatty 
acids show low values for pentaenes, but higher values 
for ictra-, tri- and dienes Phosphatide FA from cod 
and herring flesh show high contents of hexa- and penta- 
enoic acids, which also are present in appreciable 
quantities in blood sera from healthy persons. In egg 
yolk phosphatide, di-, tetra- and hexaenoic acids are the 
most predominating PUFA. 

The relative high percentages of the most unsaturated 
PUFA, the "marine" hexa- and pentaenoic acids, in 
important animal organs and in phosphatides indicate 
that these acids may play an important role in the life 
processes. 

(d) Vegetable fats. For comparison, the PUFA contents 
of some vegetable fats are given in Table IV. The values 
for corn, peanut and coconut fats are taken from 
relevant documents; the others are results obtained on 
Norwegian products (except soybeans). 

As commonly known, the PUFA of seed fats consist 
mainly of linoleic and some linolenic acids. In green 
vegetables and grass fat, linolenic acid may dominate. 
Hexaenoic acid has not been found in vegetable fats, 



DOT. products. 


Fatty acid groups. Per cent of total f.a. 


Source 


Satur. 


Monoen 


Dien. 


Trien 


4 r 


5, 


6/r 


Wheat 


20 


21 


&2 
^ 


* 

r 








Soy beans 
Coconut 


1 
14 


T 












Spinach 


19 

4 


M& 


^^M 


i.i 


0.3 




Cattle 


80 


2 


l. 




Pig 1 


40 

29 


4 
2 


J 


0.4 


0.29 


0.29 


Milk 


,2.9(1.4) 


0* 


0.2 


0.25 


O.i 


Herring 


99 


J.!k 


2 


I 3 ' 6 


J 


.' 


Roe, cod 


21 


M 


2 


0.^ 


3 


Ji 


flU 


Brain, cattle 


99 


10 





10 
0.2 


.' 


3 


5-lL 

0,9 


Egg yolk 


IT 


2 

M 





0.7 


0.2 


Blood serum 


ft 


JUL 


i'- 8 


1 


I 2 ' 8 

sasrss 


2.3 



but small amounts of penta- and tetraenoic acids are 
shown to be present in grain and spinach. 

The great difference between the PUFA composition 
of marine oils and vegetable oils is obvious. To illustrate 
this fact clearly, Fig. 1 shows the PUFA contents of some 
typical vegetable, animal and marine fats. 

Blood serum lipids 

Table V shows average contents of cholesterol, total 
fatty acids (TFA), PUFA and saturated i monenoic 
acids (S + MFA) in blood sera, and percentages of the 
various PUFA-groups in the TFA of blood sera from 
healthy Norwegian men in five age groups (20-29 to 
60-69 years), and for patients (men who have had heart 
attacks) in age groups 40-59 and 60-72 years. 

For healthy men the contents of cholesterol, TFA and 
S + MFA are found to increase with age up to 50-60 
years. The increase in S f MFA is about 33 per cent, 
in cholesterol 20 per cent. The average cholesterol 
content for the patients was only about 5 per cent higher 
than the average content for healthy men in the same 
age groups, whilst the average S + MFA content was 
about 30 per cent, the TFA-content about 21 per cent, 
higher for the patients. 



Source 



totevar 
Cyvln 



Age 
yeor* 

40-59 



60-72 



27H 
12 P 



mq/ lOOml blodserum 

Pu.f.a Sat * mono f.a 

310 | 



Lirtbtrg 
(Anwricans) 



Schradi 

ttot 

(ferman*) 



20 P I 

8H | 

8P| 

20-30 13 H 
50-60 14 P 

30 H | 
40P | 

25 H | 
26P j 




238 



369 



308 



545 



I 236 I 



432 



Sum Ptrccnr 

fa ptu.fa 

443 30,6 

533 26,8 

462 31,2 

545 24,4 

353 31,5 

492 25,1 

464 32,4 

HI 718 24 ' 7 

319 27,3 

529 19,3 

399 30,0 

| 569 22,0 



Patlt and 



50-60 



21 H 
ISP 



246 



358 32,9 



705 21,9 



Fig. J. This shows the PUFA contents of some typical fats. 



Results from different sources. 

F: Htolthymon P. Patitnts 

Fig. 2. Shows in diagrammatic form the results outlined in 
Table VI (see text). 

Even higher differences in the contents of S + MFA 
and TFA for atherosclerotic and healthy persons are 
shown by results published by other investigators, e.g. 
Hammond and Lund berg (3), Antonis (1) Schrade and 
co-workers (13, 14, 15) and Patil and Magar (12). 
Values calculated from their results together with our 
own are shown in Table VI and illustrated in Fig. 2. 
The differences in TFA and in S + MFA indicate the 
TFA content, and especially the S + MFA content, in 
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TABLE V 
Average PUFA and cholesterol content in human bio 



ilipids 



mg./JOO ml. serum 
Sat. 



% PUFA in total f. a. 



Number 


Age gr. 
years Cholesterol 


monoenoic 

fM. 


PUFA 


Total 
f.a. 


Dienoic Trienoic 


Tetraenoic 


Pentaenoic 


Hexaenoic 


Total 


Healthy men : 


22 


20-29 


217 


244 


125 


369 


24-8 


8 


3-0 


2-4 


2-4 


33-8 


37 


30-39 


232 


276 


130 


406 


23-3 


8 


2-7 


2-2 


2-2 


32-2 


16 


40-49 


263 


297 


135 


432 


22-5 


6 


2-4 


2-3 


2-4 


31-2 


11 


50-59 


252 


324 


136 


460 


18-9 


9 


2-8 


3-4 


2-7 


29-7 


10 


60-69 


273 


318 


144 


462 


20-6 


6 


2-5 


3-5 


3-0 


31-2 


Patients: 
























12 


40-59 


289 


399 


148 


547 


19-0 


8 


2-3 


1-9 


2-0 


27-0 


20 


60-72 


269 


417 


134 


551 


17-4 


5 


2-0 


1-6 


1-8 


24-35 



TABLE VI 

Polyiinsaturated fatty acid content of blood serum fat from healthy men and atherosclerotic patients calculated 

according to results from different investigators 

Fatty acids in 







Persons 


tested 


mg./JOO ml. blood serum % 
















Sat. I 


PUFA 


Source 


Nationality 


Number 


Age Years 


H or P 


Total 


PUFA 


monoenoic 


in total f.a. 


Hammond and Lundberg (1955) 


U.S. 


8 




H 


353 


112 


238 


31-5 




cit. 


8 




P 


492 


121 


359 


25-1 


Antonis (1958) 


South 


13 


20-30 


H 


464 


152 


308 


32-4 




Africans 


14 


50-60 


P 


718 


173 


545 


24-7 


Schrade et at. (1959, 1) . 


Germans 


30 




H 


319 


89 


236 


27-3 






40 




P 


529 


98 


432 


19-3 


(1959, 2)(gaschr.) . 


Germans 


25 




H 


399 


114 


286 


30-0 






26 




P 


569 


126 


450 


22-0 


(1960) 


Germans 


20 


51-60 


H 


364 


98 


266 


26-9 






43 


51 60 


P 


524 


103 


421 


19-6 


Notevarp (1960) 


Norwegians 


27 


40-59 


H 


445 


135 


310 


30-6 






12 


40-59 


P 


547 


148 


399 


26-8 




Norwegians 


10 


60 72 


H 


462 


144 


318 


31-2 






20 


60-72 


P 


551 


134 


417 


24-4 


Patil and Magar (I960) . 


Indians 


21 


50-60 


H 


358 


118 


246 


32-9 






15 


50 60 


P 


705 


154 


551 


21-9 


H : Healthy; P : Patients. 



















blood serum to be more valuable for the diagnosis of 
atherosclerosis than the cholesterol content. 

Fish oil and blood serum fatty acids 

Effects on the serum lipids of the addition of cod-liver 
oil and of soybean oil to the diet of healthy men and 
atherosclerotic patients are shown in Table VII. Accord- 
ing to Table V, the average content found for men 
between 40 and 69 years of hexaenoic acids is 50 per cent, 
of pentaenoic 80 per cent, higher for the healthy men than 
for the patients. 

These results may indicate some effect of these acids 
in the prevention of atherosclerosis. Table VII shows 
how addition of only 5 ml. cod-liver oil daily increased 
the contents of hexa- and pentaenoic acids in the serum 
fat. Addition of soybean oil increased the content of 



dienoic acid, but did not seem to affect appreciably the 
content of other PUFA in the blood serum fat. The 
results may indicate that the human organism has no, 
or only a slight, ability to transform linoleic acid to 
higher unsaturated FA, and that hexa- and pentaenoic 
acids must be supplied through the diet if the contents 
of these acids in blood serum fat is to be increased 
substantially. 

The effect of cod-liver oil on the content of TFA and 
of S-f MFA in blood serum may also be seen from Table 
VII. Both in healthy men and in patients the TFA 
contents and especially the S + MFA contents have 
been substantially lowered by the additions of cod-liver 
oil to the diet. The results may illustrate the importance 
in the diet of seafoods and marine fats, our best and 
most abundant sources of hexa- and pentaenoic acids. 
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TABLE VII 
Effect of unsaturated oils in the diet on PUFA in blood serum fat 



Initials mg./lOO ml. serum % PUFA in total f. a. 
and 
Age Diet and Supplements Cholesterol Total f. a. S + Mf.a. Hexaenoic Pentaenoic Tetraenoic Trienoic 


Dienoic 


Total 
PUFA 


Healthy men : 


H.E. 


Ordinary diet, no oil added 


161 


358 


227 


2-6 


2-2 


3-8 


2-1 


26-0 


36-7 


24 


Ordinary diet H- 5 ml. cod 






















liver oil/daily for 3 months 


229 


330 


208 


4-7 


3-7 


2-9 


1-8 


23-9 


37-0 


S.L. 


Ordinary diet, no oil added 


226 


439 


293 


2-3 


2-1 


3-8 


1-6 


23-4 


33-2 


25 


Ordinary diet + 10 ml. cod 






















liver oil/daily for 3 months 


259 


360 


195 


5-8 


8-6 


4-2 


1-3 


26-1 


46-0 




No cod liver oil for 14 days 


288 


347 


214 


4-7 


6-6 


3-0 


0-3 


23-7 


38-3 


O.N. 


Plenty fish, 3-5 ml. cod liver 




















60 


oil/daily 


249 


467 


322 


5-4 


8-3 


3-8 


10 


12-7 


31-2 




Plenty fish, 3-5 ml. cod liver 






















oil/daily 4- 20 ml. soybean 






















oil/daily for 6 days 


237 


497 


301 


3-7 


6-7 


3-9 


1-9 


23-2 


39-4 




Plenty fish, 3-5 ml. cod liver 






















oil/daily }- 5-7 ml. soybean/ 






















daily for 6 months 


280 


467 


271 


5-4 


8-2 


3-8 


1-3 


23-4 


42-1 


Patients : 


W.H. 


Some soybean oil daily 


276 


705 


501 


1-9 


M 


2-5 


2-3 


22-0 


29-0 


42 


Some soybean oil 1 5-7 ml. 






















cod liver oil/daily for 6 






















months 


267 


523 


350 


4.9 


5-7 


2-7 


1-2 


18-6 


33-0 


A.S. 


5-7 ml. cod liver oil/daily 


262 


580 


429 


4-6 


4-3 


2-1 


1-0 


141 


26-1 


50 


10 ml. soybean oil/daily for 






















2 months 


258 


486 


335 


2-3 


2*2 


2-5 


0-9 


23-2 


31-2 




10 ml. soybean oil -\ 5 ml. 






















cod liver oil/daily for 2 






















months 


248 


422 


252 


3-5 


2-9 


2-7 


2-3 


28-9 


40-3 


A.F. 


Same day as heart attack 


247 


516 


415 


0-8 


0-7 


1-9 


2-4 


13-8 


19-6 




Ordinary hospital diet for 19 






















days 


193 


322 


255 


1-1 


1-2 


2-4 


2-1 


13-9 


20-7 




Ordinary hospital diet + 5 






















ml. cod liver oil + 10 ml. 






















soybean oil daily for 7 days 


223 


414 


302 


1-5 


1-8 


2-5 


2-3 


19-3 


27-4 




Ordinary hospital diet + 5 






















ml. cod liver oil ] 10 ml. 






















soybean oil daily for 4- 7 






















days 


- 


396 


263 


2-0 


2-7 


2-6 


2-3 


24-0 


33-5 
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USE OF FISH IN THE CONTROL OF 
HYPERCHOLESTEREMIA AND OBESITY 

by 
C. M. HARLOW and A. R. MORTON 

A great deal of attention is being focused on hypercholesteremia as an important factor in the genesis of atherosclerosis; and many 
regimens, both dietary and drug, are being advocated in an attempt to normalize cholesterol levels. 

Fats have been the most predominant food substance implicated in the supposed cause of a raised serum cholesterol ; however, there 
are many who believe that carbohydrates and even proteins play an important part in the percentage of cholesterol found in the blood. 

Several years ago we formulated the idea of placing supposedly healthy groups of men on well-balanced diets, which could be easily 
adjusted to varying amounts of different fats, protein and carbohydrate. We followed the N.R.C. Food and Research Board's (Canadian 
Food Rules are quite similar) recommended allowances as a guide in prescribing their daily food intake. 

Most of these men were totally unaware of our National or Canadian Food Rules. The first step was to familiarize the selected men 
with their use, and then to assist in their application. This was quite simply done by advocating a daily caloric intake of 1800, 2000, 2400 or 
2600 calories depending upon his present weight compared to what his ideal should be. The daily variety was further simplified by the use of 
the Exchange System of measuring advocated by a joint committee of the American Diabetes and Dietetic Associations. 

For a year we have followed the serum cholesterol and weight level of 4 groups of 167 healthy Halifax City policemen aged 19-60. 

The men whom we treated in each experimental group consumed fish 3 to 9 times a week. Vegetable oils used in salads and cooking 
also helped adjust the fat content of their diet into the 30- 35 per cent range; the proportion of unsaturated to saturated fatty acid approximated 
a 3 : 1 ratio. 

The average cholesterol and weight levels of 33 men (from age group 20-29) were 195 mg. per cent and 193 Ibs. ; after 1 year of treat- 
ment their average was 183 mg. per cent and 192 Ibs. Nineteen men (aged 30-39) had levels averaging 265 mg. per cent and 21 1 Ibs; they also 
dropped to an average of 223 mg. per cent and 201 Ibs. Twenty-six policemen (aged 40-49) averaged 243 mg. per cent and 208 Ibs. whilst 
12 months later their average was 209 mg. per cent and 201 Ibs. The last group of 8 men (aged 50-59) had averages of 232 mg. per cent and 
207 Ibs., which had dropped to 215 mg. per cent and 200 Ibs. 1 year later. 

The mean cholesterol and weight levels of 33 controls were 219 mg. per cent and 192 Ibs. at the beginning, and 231 mg. per cent 
and 195 Jbs. at the end of the study. 

We used the Abel method for cholesterol determinations. 

It has been shown that a motivated group can assist the correction of obesity and hypercholesteremia by a well-balanced diet in 
which fish and vegetable oils play an important part. 

It is intended to keep these policemen under observation for a number of years, to try to correlate atherosclerosis with the afore- 
mentioned changes. 



L'UTILISATJON DU PO1SSON DANS LE CONTROLE DE L'HYPERCHOLESTEREMIE 

ET DE L'OBESITE 

On porte actuellement une grandc attention sur rhypercholcstdr^mie comme facteur important de la genese de Tatherosclerose; et 
bien des regimes, a la fois dtetetiques et pharmaceutiques. sont proposes pour tenter de normalise! les taux de cholesterol. 

Les graisses ont et les substances alimentaires predominantes les plus inyoques comme cause supposed (Tune augmentation du 
cholesterol du sang; cepcndant, beaucoup pensent que les glucides, et rneme les prot6ines, jouent un role important dans le taux de cholesterol 
trouve dans le sang. 

II y a quelques annees, nous avons projete dc fa ire suivre a des groupes d'hommes, considers en bonne sante, des regimes bien 
6quilibr6s qui pouyaient Stre facilement regies sur des quantites variables de graisses, proteincs et glucides divers. Nous avons suivi comme 
guide, pour prescrire leur alimentation quotidienne, les rations recommandees par le N.R.C. Food and Research Board (les "Canadian 
Food Rules", r&gles alimentaires canadiennes, sont tout a fait semblables). 

La plupart de ces hommcs ignoraient completement nos regies nationales ou les regies canadicnnes d'alimentation. La premiere 
etape a consist^ a familiariser ces collaborateurs a leur usage et, ensuile, a les assister dans leur application. Cela a ete realise tres simple- 
ment en leur proposant une consommation quotidienne en calories de 1800, 2000, 2400 et 2600 calories, selon la comparaison qu'on pouvait 
faire entre leur poids actuel et le poids ideal. La variety alimentaire quotidienne a ete simplifiee par la suite en utilisant pour les mesures le 
"systeme d'echange" (Exchange System) propose par un comite mixte des associations am6ricaines de diabete et dc di6t6tique. 

Durant une annce, nous avons suivi le cholesterol du sang et le poids de 167 policiers de la ville d'Halifax, tous en bonne sante, 
ages de 19 a 60 ans et repartis en 4 groupes. 

Dans chaque groupe experimental, les hommes traites consommaient du poisson 3^9 fois par semaine. Les huiles v6g6tales utilises 
pour les salades et la cuisine servaient egalement a regler la teneur en graisses de leurs r6gimes a un niveau intermediate entre 30 et 35%; 
le rapport des acides gras insatures aux acides gras satur6s etait de 3/1 . 

Les moyennes de cholesterol et de poids de 33 hommes, du groupe d'age 20-29 ans, etaient de 195 mg./lOO g. et 193 Ib. (87,54 kg); 
apres un an, ces moyennes etaient de 183 mg./lOO g. et de 192 Ib. (87,09 kg.). Pour 19 hommes, de 30-39 ans, on avait respectivement 265 
mg./lOO g. et 211 Ib. (95,71 kg.), et ces chiffres tombaient egalement apres un an a des moyennes de 223 mg./lOO g. et 201 Ib. (91,17 kg.). 
Pour 26 policiers de 40-49 ans, les moyennes etaient de 243 mg./lOO g. et 208 Ib. (94,35 kg.); apres un an, elles etaient devenues 209 mg./lOO g. 
et. 201 Ib. Pour le dernier groupe de 8 hommes, de 50-59 ans, on passait des moyennes de 232 mg./100 g. et 207 Ib. (93,90 kg.) a 215 mg./lOO 
g. et 200 Ib. (90,72 kg.) un an plus tard. 

Les moyennes du cholesterol et du poids du groupe-temoin de 33 hommes etaient de 219 mg./lOO g. et 192 Ib. (87,09 kg.) au debut 
de retude et de 231 mg./lOO g. et 195 Ib. (88,45 kg.) a la fin. 

Le cholesterol etait determine par la methode Abel. 

Ces resultats montrent qu'un groupe, dont on a stimuie 1'interet, peut concourir a la correction de son obesite et de son hyper- 
cholesteremie a Taide d'un regime bien equilibre, dans lequel le poisson et les huiles vgetales jouent une part importante. 

Nous avons 1'intention d'obscrve regulifcrcment ces policiers pendant quelques d'annees pour etudier et mettre en correlation 
Tatheroscierose avec les changements pr6cites. 
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EMPLEO DEL PESCADO EN LA LUCHA CONTRA LA HIPERCOLESTEREM1A Y LA OBES1DAD 

Se presta actualmente mucha atenci6n a la hipercolesteremia como factor importante de la genesis de la aterosclerosis; y muchos 
regimenes dietdticos y farmaceuticos se prpponen para tratar dc nprmalizar las concentraciones dc colcslerol. 

Las grasas ban sido las substancias alirnentarias predominates mas invocadas como causa supuesta de un aumento del colesterol 
de la sangre; sin embargo, hay muchos que creen que los carbohidratos (e incluso las proteinas) desempeftan un papel importante en el tenor 
de colesterol que se encuentra en la sangre. 

Race varios aftps propusimos la idea de que grupos de hombres considerados de buena salud siguieran regimenes bien equilibrados 
que podrian regularse facilmente para incluir cantidades difercntcs de grasas, proteinas y carbohidratos distintos. Como guia para prescribir su 
consume diario de alimento, seguimos las raciones recomendadas por la N.R.C. Food and Research Board (las disposiciones alimentarias 
canadienses son analogas). 

La mayor parte de estos hombres desconocfa totalmente nuestras disposiciones nacionales o las canadienses relatiyas a la alimen- 
taci6n. El primer paso consisti6 en familiarizarlos con su empleo y, a continuaci6n, ayudarles en su aplicacidn. Esto sc realizo simplemente 
al prpponer un consumo diario de 1 .800, 2.000, 2.400 y 2.600 calorias scgun la comparacion de su peso actual con su peso ideal. La variedad 
cotidiana de alimentos se simplified todavia mas emplcando el sistema de intercambio de medidas propuesto por un comite mixto de las 
asociaciones americanas dc diabetes y dietetica. 

Durante un aftp nemos examinado el colesterol dc la sangre y el peso de 167 policias de la ciudad de Halifax, de buena salud, de 19 
a 60 aftos de edad, distribuidps en 4 grupos. 

En cada grupo experimental, los hombres sometidos a tratamiento consumian pescado de 3 a 9 veces por semana. Los aceites vegetates 
empleados en las ensaladas y en la cocina tambidn contribuian a ajustar el contenido de grasa de sus regimenes a un nivel intermedio entre 
30 y 35%; la proporci6n dc acidos grasos insaturados y saturados era de 3 a 1. 

Los promedios del colesterol y el peso de 33 hombres del grupo de edad de 20 a 29 aftos eran de 195 mg. por 100 g. y 193 libras 
(87,54 Kg.); despues de un aflo, estos promedios eran de 183 mg. por 100 g. y de 192 libras (87,09 Kg.). Diecinuevc hombres de 30 a 39 
aftos de edad tcnian promedios de 265 mg. por 100 g. y de 21 1 libras (95,71 Kg.), cifras que tambien se redujeron a un promedio de 223 mg. 
por 100 g. y de 201 libras (91,17 Kg.). Veintiseis policias de 40 a 49 aftos dieron un promedio dc 243 mg. por 100 g. y 208 libras (94,35 Kg.), 
que 12 meses despues se habian reducido a 209 mg. por 100 g. y 201 libras. El ultimo grupo de 8 hombres de 50 a 59 aftos tenia un peso 
medio de 207 libras (93,90 Kg.) y 232 mg. por 100 g., que un aflo ms tarde se habian contraido a 200 libras (90,72 Kg.) y 21 5 mg. por 100 g. 

Los promedios de colesterol y de peso de un grupo testigo de 33 hombres eran de 219 mg. por 100 g. y 192 libras (87,09 Kg.) al 
comienzo del estudio y de 231 mg. por 100 g. y 195 libras (88,45 Kg.) al terminar. 

El colesterol se determin6 por el metodo Abel. 

Se ha demostrado que un grupo estimulado por el interes puedc contribuir a la correccion de su obesidad c hipercolesteremia con 
ayuda de un regimen bien equilibrado en el que el pescado y los aceites vegetales desempeften un papel importante. 

Se intenta seguir estudiando a estos policias durante un numero de aftos para tratar de relacionar la aterosclerosis con los cambios 
precitados. 
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NUTRITIVE VALUES OF MARINE ANIMAL OILS 

by 
TAKASHI KANEDA 

(1) Nutritive value of polyunsaturated fatty acids in marine animal oils 

The author carried out systematic research of lipids of fish and found the following points: 

Although the nutritive value of fish oils usually had been evaluated at a low level, fish oils in their pure state show a high nutritive 
value; it is only autoxidized fish oil that is nutritiously inferior. In particular, polyunsaturated fatty acids in fish oils, which so far had been 
believed to be toxic, are as good as oleic acid for a caloric source if they are maintained unchanged. Therefore, the toxicity should not be 
attributed to the polyunsaturated fatty acids themselves, but to peroxide which results from their autoxidation. 

(2) Nutritive value and toxicity of oils of salt-dried fishes and fish meal 

The nutritive value of oils of salt-dried fishes is influenced by the degree of autoxidation; and with oils of high iodine value the 
nutritive value becomes lower when the oil is autoxidized. 

The nutritive value of oil which was separated from sardine meal was much inferior to that of soybean oil, and it appeared to have 
practically no value as food. This result indicates that, although fish meal oil has autoxidized to too great an extent to exhibit a marked 
toxic effect, it has lost much of its nutritive value. 

(3) The effect of cuttle-fish liver oil on cholesterol metabolism in the rat 

Dr. A 1 fin -Slater (University of California) and the author found the cuttle-fish liver oil can reduce the cholesterol content in plasma 
of rats; however, the effect of this oil on liver and adrenal cholesterol is less than that of essential fatty acids. 
The effects offucosterol to plasma or liver cholesterol of rats 

The author separated fucosterol from Fucus evanescens and Pelvetia wrightii, and carried out feeding experiments with rats, using 
fucosterol and cholesterol. The result was that fucosterol reduced liver cholesterol. 

VALEUR NUTRITIVE DES HUILES D'ANIMAUX MAR1NS 

( 1 ) Valeur nutritive des acides gras polyinsatures dans les huiles d*animaux marins 

L'auteur a efiectu une recherche systematique sur les lipides du poisson, qui l'a conduit aux rdsultats suivants: 
Bien que la valeur nutritive des huiles dc poisson ait etc habituellemcnt evaluee un niveau has, les huiles de poisson dans leur. 
etat pur montrent une haute valeur nutritive; seule rhuile de poisson auto-oxydee est d'une qualite nutritive inferieure. En particulier, les 
acides gras polyinsaturds dans les huiles de poisson, qui ont et consid6res jusqifici comme toxiques, sont aussi bons que Tacide 
olique comme source de calorics dans la mesure ou ils sont maintenus sans alteration. DC ce fait, la toxicite ne devrait pas etre attribute 
aux acides gras polyinsatures eux-memes, mais aux peroxydes qui r&ultent de leur auto-oxydation. 

(2) Valeur nutritive et toxicite des huiles de poisson seche sale et de farine de poisson 

La valeur nutritive des huiles de poisson said sech est influencee par le degrc <f auto-oxydation ; avec des huiles de haul indicc 
d'iode, la valeur nutritive diminue quand I'huile est auto-oxydee. 

L'huile separce de la farine de sardine s'est montree d'une valeur nutritive bien inferieure a celle dc Thuile de soja et meme sans 
valeur pratique comme aliment. Ce resultat montre que, bien que la farine de poisson sc soit auto-oxyd6e dans une mesure trop grande pour 
presenter un effet toxique marque, elle a perdu la plupart de sa valeur nutritive. 

(3) L* effet de rhuile de foie de seiche sur le metabolisme du cholesterol chez le rat 

Le Dr. Alfin-Slater (Universite de Californie) et 1'auteur ont trouve que rhuile dc foie de seiche pouvait reduire la teneur en cholest6ro 
du plasma chcz les rats; ccpendant, reflet de cette huilc sur le cholesterol du foie et des surrenales est moindre quo celui des acides gras esen- 
tiels. 
Les effets du fucosterol sur le cholesterol du plasma ou du foie chez les rats 

L'auteur a separ6 du fucostdrol de Fucus evanescens et Pelvetia wrightii, et il a effectud des experiences d'alimentation avec des rats, 
utilisant le fucosterol et le cholestdrol. Le rdsultat de ces experiences est que le fucosterol reduit le taux de cholesterol du foie. 

VALOR NUTR1T1VO DE LOS ACEITES DE AN1MALES MAR1NOS 

( 1 ) Valor nutritivo de los acidos grasps con varios enlaces no saturados de aceites de animales marinos 

El autor realize una investigation sistematica de los lipidos del pescado y Ileg6 a las siguientes conclusiones : 

Aunque el valor nutritivo de los aceites de pescado se habfan evaluado usualmente a concentraciones bajas, estos aceites, cuando 

son puros, tienen un gran valor nutritivo; son solamente los autooxidados los que resultan inferiores desde el punto de vista de la nutrici6n. 

Los acidos grasos con varios enlaces no saturados, considerados hasta ahora como toxicos, son tan buenos como el acido oleico como fuente 

de calorias si se mantienen inalterados; por lo tanto, la toxicidad no debera atribuirse a los acidos grasos con varios enlaces no saturados 

sino al per6xido que produce su autooxidacion. 

(2) Valor nutritivo y toxicidad de los aceites de pescado curado con sal v harina de pescado 

En el valor nutritivo de los aceites de pescado curado con sal influye el grado de autooxidacion ; y en los aceites de elevado indice 
de yodo, el valor nutritivo se reduce cuando se autooxidan. 

El valor nutritivo del aceite extraido de harina de sardinas era muy inferior al del aceite de soja y practicamente parccia no tener 
valor como alimento. Este resultado indica que, aunquc el aceite de harina de pescado se ha autooxidado demasiado para tener un marcado 
efccto t6xico, ha perdido mucho dc su valor nutritivo. 

(3) Efecto del aceite de higado de calamar en el metabolismo del colesterol de la rata 

El Dr. Alfin-Slater (Universidad de California) y el autor pbservaron que el aceite de higado de calamar puede reducir el contenido 
de colesterol en el plasma de las ratas, aunque el cfecto de este aceite en el colesterol del hfgado y de la capsula suprarrenal es inferior al de 
los acidos grasos esenciales. 
Los efectos del fucosterol en el colesterol del plasma o higado de las ratas 

El autor extrajo fucosterol de Fucus evanescens y Pelvetia wrightii y realiz6 experimentos de alimentacidn con ratas, empleando 
fucosterol y colesterol. El resultado fue que el fucosterol redujo el colesterol del hfgado. 
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THE NUTRITIVE VALUE OF SARDINES 

by 
S. A. MILLER, H. A. DYMSZA, and S. A. GOLDBLITH 

A series of studies has been made to determine the nutritive value of sardines (Clupea harengus, Atlantic) in terms of the nutrient 
pattern, availability of protein and fat, and its influence on serum cholesterol and vascular sudanophilia. In addition, the influence of two 
different processing methods (namely, steam-cooking and frying) on these nutrients was also studied. 

(1) Nutrient Characterization 

Samples selected at random from the 1956 pack of five different processors, located in the state of Maine, were analysed for the fol- 
lowing nutrients: protein, amino acids, fat, moisture, ash, crude fiber, iron, chloride, fluorine, calcium, phosphate, thiamine, riboflavin, 
pyridoxine and niacin. In addition, the sardine oil and packing liquid were characterized in terms of iodine number, free fatty acids, refractive 
index, cholesterol and unsaturated fatty acid composition. 

The results of this study indicate that sardines are a good source of a number of nutrients, including protein (23 per cent), calcium 
(470 mg./100 g.), thiamine (0-133 mg./lOO g.), fluorine (4-50 mg./lOO g.), and pyridoxine (0-133 mg./lOO g.). In addition, the pattern of amino 
acids is good, with lysine in particular being present in high concentrations (9-02 per cent of the drained sardine protein). Furthermore, the 
fatty acid composition of the sardine oil tended to be high in unsaturated fatty acids, particularly the pentaenoic acids. Some evidence for 
an exchange between the packing liquid and the fish was also found. 

(2) Availability and utilization of sardine protein and fat 

Young, male, Sprague-Dawley rats were fed a gar-gel diets ad libitum, in which sardines, either steam-processed or fried, or casein 
and lard supplied all of the protein and fat. All three rations supplied approximately 10 per cent protein and 6 per cent fat, and were fed for 
5 months. 

No significant differences in growth, food and protein-efficiency or carcass-composition were observed between rats fed the casein- 
lard control ration and animals fed either steam-cooked or fried sardines as a source of protein and fat. Furthermore, histopathological 
examination of the sardine-fed animals revealed no evidence of any pathological lesion in any system examined, including those of the circu- 
latory system. 

(3) Influence on serum cholesterol and vascular sudanophilia 

Young male rats were fed, ad libitum, agar-gel diets containing 0-5 per cent cholesterol and 0-25 per cent cholic acid. In one ration, 
casein and lard were the sources of protein and fat, while in the other ration whole, ground, drained sardines replaced casein and lard. Both 
rations contained approximately 1 2 per cent protein and 6 per cent fat. Blood samples were taken periodically for cholesterol analysis. Ten 
animals from each group were autopsied at 55 weeks. Hearts and aortas were then stained with Sudan IV, and examined for the extent of 
sudanophilia. 

Animals fed the casein-lard rations developed, within one week, a severe hypercholesteremia that was maintained throughout the 
test. In contrast, animals fed the sardine ration did not develop a severe hypercholesteremia for the entire test period. A third group, 
fed the casein-lard diet for 7 weeks and then the sardine diets for the remainder of the test, also developed a severe hypercholesteremia 
during the first 7 weeks. Upon being changed to the sardine diets, serum cholesterol levels fell rapidly, approximately to the levels of the 
animals fed sardines from the beginning of the test. Measurements of vascular sudanophilia indicated that the animals fed the casein-lard 
diets developed a more marked sudanophilia than did either of the two groups fed sardines. However, the animals that were first stressed 
with the casein-lard diets prior to being fed sardines showed the lowest amount of sudanophilia. 

(4) Conclusions 

The results of this study indicated that sardines, a relatively inexpensive food material, can be considered a good source of a number 
of essential nutrients, particularly protein and unsaturated fatty acids. Furthermore, the data also demonstrate that, in the cholesterol-cholic 
acid stressed rat, sardine diets can not only prevent a rise in scrum cholesterol, but can also reduce the serum cholesterol level of hyper- 
cholesteremic rats. Moreover, there is an indication that sardine diets can inhibit to some extent the accumulation of lipoidal material in 
the aortas and hearts of these animals. 

LA VALEUR NUTRITIVE DES SARDINES 

Une sdrie d'etudes a et effectuee pour d6finir la valeur nutritive des sardines (Clupea harengus, Atlantic) en fonction de la distribu- 
tion de leurs elements nutritifs, de leur disponibilite en proteines et en graisscs, et de leurs influences sur le cholesterol du sang et sur la 
soudanophilie vasculaire. D'autrc part, on a egalement etudie 1'influence sur les elements nutritifs de deux mthodes differentes de traitement, 
soit : la cuisson a la vapeur et la friture. 

(1) Analyse des elements nutritifs 

Des echantillons choisis d'une facpn aleatoire sur la production 1956 de 5 industriels different* de 1'Etat du Maine ont etc analyses 
pour les Elements nutritifs suivants: proteines, amino-acides, graisses, humidite, cendres, fibres brutes, fer, chlorure, flu or, calcium, phos- 
phates, thiamine, riboflavine, pyridoxine et niacine. D'autrc part, Thuile de sardine et le liquide d'emballage ont ete caracterises par 1'indicc 
d'iode, les acides gras libres, Tindex de refraction, le cholesterol et la composition des acides gras insatures. 

Les r6sultats de cette etude montrent que les sardines sont une bonne source pour un certain nombre d'elements nutritifs comprcnant : 
23% de proteines, 470 mg.%g. de calcium, 0,133 mg.%g. de thiamine, 4,50 mg.%g. de fluor et 0,133 mg. %g. de pyridoxine. En outre, la 
distribution des amino-acides est bonne, avec notamment de la lysine en hautes concentrations (9,02% des proteines de la sardine gouttee). 
De plus, la composition en acides gras de 1'huile de sardine tend a etre elcvee en acides gras insatures, notamment en acides penteno'iques. On 
a trouv egalement des temoignages sur 1'existence d'un echange entre le liquide d'emballage et le poisson. 

(2) Disponibilite et utilisation des proteines et des graisses de sardines 

De jeunes rats males Sprague-Dawley ont etd nourris ad libitum avec un regime au gel d'agar-agar, dans lequel soit de sardines, 
cuites a la vapeur ou frites, soit de la cas&ine et du saindoux fournissaient toutes les prot&nes ct les graisscs. Chacune des trois rations four- 
nissait approximativement 10% de protdines et 6% de graisses, et eta it donnee durant 5 mois. 

On n'a pas trouve de differences significatives ni dans la croissance, ni dans Tefricacitd de la nourriture et des proteines, ni dans la 
composition de la carcasse, entre les rats nourris a la ration-temoin de caseine-saindoux et ceux qui ont ei nourris soit de sardines cuites 
a la vapeur, soit de sardines frites, comme source de proteines et de graisses. De plus, Texamen histopathologique des animaux nourris de 
sardines n'a rev616 aucune preuve de tesion pathologique quelconque dans tous les systemes examines, y compris le systeme circulatoirc. 

(3) Influence sur le cholesterol du serum et la soudanophilie vasculaire 

De jeunes rats males ont et6 nourris ad libitum avec des regimes au gel d'agar-agar contenant 0,5% de cholesterol et 0,25% d'acide 
cholique. Dans une ration, la caseine et le saindoux etaient les sources de proteines et de graisses, tandis que dans 1'autre ration on les avait 
remplaces par des sardines entieres, broyees, egouttees. Les deux rations contenaient chacune approximativement 12% de proteines et 6% de 
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graisses. Des echantillons de sang ttaient pr61ev6s periodiquement pour 1'analyse du cholesterol. Dix animaux de chaque groupe furent 
autopsies & 55 semaines. Lcs coeurs et les aortes furent alors teints au Soudan IV, et examines pour etudier I'ampleur de la soudanophilie. 

Une hypercholesteremie se>ieuse s'est d6velopp6e en une semaine chcz les animaux nourris aux rations de cas&ine-saindoux, et 
elle s'est maintcnue tout au long de Fessai. En revanche, les animaux nourris a la ration de sardines n'ont pas pr6sent6 d 'hypercholesteremie 
sericuse pendant toute la periode d'essai. Un troisieme groupe, nourri au regime de cas&ne-saindoux pendant sept semaines et ensuite & des 
regimes de sardines pendant tout le reste de 1'essai, a present^ 6galement une severe hypercholesteremie pendant les sept premieres semaines; 
apres le passage aux regimes des sardines, les taux de cholesterol du serum sont tombed rapidement pour approcher les taux pr6sent6s par les 
animaux nourris de sardines dcpuis le commencement de 1'essai. Des mesures sur la soudanophilie vasculaire ont montre que les animaux 
nourris aux regimes de casdine-saindoux, presentaient une soudanophilie plus marquee que les deux groupes nourris de sardines. Cependant, 
les animaux qui etaient d'abord forces avec les regimes caseine-saindoux, avant d'etre nourris de sardines, montraient la soudanophilie la 
plus faible. 
(4) Conclusions 

Lcs resultats de cette etude indiquent que les sardines, qui sont un produit alimentaire de prix relativement bas, peuvent Stre 
considers commc une bonne source pour un certain nombre d'elements nutritifs essentiels, surtout pour les proteines et les acides gras 
insatures. En outre, les donnees obtenues demontrent egalement que chcz le rat force en cholesterol et en acide cholique, des regimes de 
sardines peuvent non seulement prevenir une augmentation du cholesterol du serum, mais encore en r6duire le taux chez des rats hyper- 
cholesteremiques. De plus, il existe une indication de la capacite des regimes de sardines a inhiber dans une certaine mesure 1'accumulation du 
materiel lipidique dans les aortes et les coeurs dc ces animaux. 

EL VALOR NUTRITIVO DE LA SARDINA 

Se ha rcalizado una serie de estudios para determmar el valor nutritivo de la sardina (Clupea harengus, Atlantic) en funci6n de la 
distribuci6n de los elementos nutritivos, disponibilidad de proteina y grasa, y su efecto en el colesterol de la sangre y en la sudanofilia vascular. 
Ademas, tambien ha sido objeto de estudio el efecto en estos elementos nutritivos dos procedimicntos distintos de preparaci6n : coccidn al 
vapor y freidura. 

(1) Analisis de los elementos nutritivos 

Muestras seleccionadas aleatoriamente de la produccidn de 1956 dc cinco industriales difcrentes del Estado de Maine fueron anali- 
zadas para dcterminar los elementos nutritivos siguientes: proteina, aminoacidos, grasa, humcdad, ceniza, fibra bruta, hierro, cloruro, fluor, 
calcio, fosfato, tiamina, riboflavina, piridqxina y niacina. For otra parte, el aceite de sardina y el liquido de envase se caracterizaron por 
el indice de yodo, acidos grasos libres, indice de refraccidn, colesterol y composici6n de acidos grasos insaturados. 

Los resultados de este estudio indican que la sardina es una buena fuente de varios elementos nutritivos comprendidos proteinas 
(23%), calcio (470 mg./lOO g.), tiamina (0,133 mg./lOO g.), fluorina (4,50 mg./lOO g.) y piridoxina (0,133 mg./lOO g.). Ademas, la distribuci6n 
de aminoacidos es buena, en particular en el caso de la lisina que esta presente en alias concent raciones (9,02% de la proteina dc sardina 
escurrida). Asimismo, la composici6n de los aminoacidos del aceite de sardina tiende a ser elevada en acidos grasos no saturados, particular- 
mente los pentaen6icos. Se han encontrado algunas pruebas de la existencia de un intercambio entre el liquido de envase y el pescado. 

(2) Disponibilidad y aprovechamiento de las proteinas y grasas de sardina 

J6venes ratas machos, Sprague-Dawley, se alimentaron ad libitum con una raci6n dc gel de agar-agar en la que la sardina, cocida al 
vapor o frita, o la caseina y la manteca suministraban todas las proteinas y grasas. Cada una de las tres raciones aportaba, aproximadamente, 
10% de proteina y 6% de grasa, y se administrarpn durante 5 meses. 

No se encontraron diferencias significativas en el crecimiento, eficacia del alimento y de la proteina, o en la composition de los 
canales, de ratas alimentadas con la racion testigo de caseina y manteca y animates alimentados con sardina cocida al vapor o frita como 
fuente de proteina y grasa. Ademas, el examen histopatologico de los animalcs alimentados con sardina no reve!6 prueba alguna de Iesi6n 
pato!6gica en ningun sistema examinado, comprendido el circulatorio. 

(3) Influencia en el colesterol del suero y la sudanofilia vascular 

J6venes ratas machos se alimentaron ad libitum con regimenes de gel de agar-agar, que contenia 0,5 % de colesterol y 0,25 % de 
acido cdlico. En una racion, la caseina y manteca eran las fuentes de proteina y grasa, en tanto que en la otra las sardinas cscurridas, picadas 
o entcras, substituian a la caseina y la manteca. Ambas raciones contenian aproximadamente un 12% de proteina y un 6% de grasa. Se 
tomaron pcriodicamente muestras de la sangre para analizar el contenido de colesterol. Diez animales de cada grupo se somctieron a autopsia 
a las 55 semanas. Los corazones y aortas se colorearon con Sudan IV, y se examinaron para cstudiar la amplitud de la sudanofilia. 

Los animales alimentados con las raciones dc caseinas y grasa manifestaron en una semana una grave hipercolesteremia quecontinuo 
durante todo el cnsayo. Por el contrario, los animales alimentados con la racion de sardina no presentaron hipercolesteremia grave durante 
todo el periodo del ensayo. Un tercer grupo alimentado con caseina y grasa durante 7 semanas, y con raciones de sardina durante el resto del 
ensayo, tambien presentaron una severa hipercolesteremia durante las primeras 7 semanas; despues de pasar a la raci6n de sardina, las con- 
centraciones de colesterol en el suero disminuyeron rapidamente, y se aproximaron a las de los animales alimentados con sardina desde el 
comienzo del cnsayo. Las medidas de la sudanofilia vascular indican que los animales alimentados con caseina y manteca la presentan mas 
marcada que cualquiera de los dos grupos alimentados con sardinas. Sin embargo, los animales que desde el primer momento fueron forzados 
con la racion de caseina y manteca, antes de ser alimentados con sardina, mostraron la sudanofilia mas debil. 

(4) Conclusiones 

Los resultados de este estudio indican que las sardinas. que son un alimento relativamente barato, pueden considerarse como una 
buena fuente de varios elementos nutritivos esenciales, particularmente proteina y acidos grasos no saturados. Asimismo, los datos tambien 
demuestran que en la rata forzada con colesterol y acidq cdlico las raciones de sardina no s61o pueden imped ir un aumento en el colesterol 
del suero, sino que tambien pueden reducir la concentration de este en las ratas hipercolester6micas. Ademas, existen indicacioncs de que la 
alimentacidn con sardinas puede inhibir en cierta medida la acumulaci6n de material lipidico en las aortas y corazones de estos animales. 



DISCUSSION 

On the Review paper submitted by Dr. H. Dam and Dr. 

E. Lund (Denmark), DR. H. S. OLCOTT (U.S.A.) observed 

that, in regard to diets containing 20 per cent cod liver oil, 

alpha tocopherol acetate has no antioxidant properties in 

vitro. 

PROF. O. NOTEVARP (Norway): In vivo, alpha tocopherol 

acetate has antioxidant properties. 

DR. M. M. A. KADER (U.A.R.): There is a relation between 



vitamin A level and the disappearance of cholesterol from 

blood serum. 

DR. T. KANEDA (Japan): I believe that my paper will provide 

additional information on some points. 

DR. G. BOROSTR#M (U.S.A.): It is important to be aware of 

the fact that fish oils also contain 20-40 per cent of saturated 

acids. In the future, fish oils should be more clearly defined, 

not only as to their content of tocopherols, but also as to 

other constituents. 
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DR. J. J. PEIFER (U.S.A.): 1 think that one should consider all 
the polyunsaturated fatty acids, not just the so-called essential 
fatty acids. Is there a valid correlation between "essential" 
fatty acid content only of a test diet and blood cholesterol 
level? 

DR. L. W. KINSELL (U.S.A.): In partial answer to Dr. Peifer's 
question, there is some evidence that humans, in contrast to 
rats, may synthesize arachidonic acid, an essential fatty acid, 
from polyunsaturated acids in fish oils. 

On Dr. J. J. Peifer's paper DR. M. M. A. KADER (U.A.R.) 
asked: Was there any correlation between the degree of 
unsaturation and the lowering of blood cholesterol levels? 
DR. J. J. PEIFER (U.S.A.): There was some correlation, but 
better correlation was obtained with other lipid analyses. Of 
greater importance was the shift in fatty acids between different 
tissues. Apparently, certain tissues have specific requirements 
for a pattern of fatty acids, and shifting occurs to meet these 
needs. 

DR. T. KANEDA (Japan): How many milligrams of linoleic acid 
were fed in your experiments ? 

DR. J. J. PEIFER (U.S.A.): 10 per cent of fat was fed in our 
diets; and when linoleic acids or fish oils were fed, one third of 
the total fat was substituted. Tallow was used at the level of 
10 per cent in the controls; and when linoleic acid or fish oils 
were employed, the fat consisted of two-thirds tallow and 
one-third linoleic acid or fish oil. 

DR. T. KANEDA (Japan): In our work, cod liver oil, when fed 
to rats, gave much lower liver cholesterol than when vegetable 
oils were fed. 

DR. J. J. PEIFER (U.S.A.): I should mention that in our 
experiments bile acids and cholesterol were fed in the pre- 
liminary period before the test fats were added to the diet. 
Under these conditions, only marine oils altered the liver lipid 
pattern; vegetable oils had no effect. 

DR. G. W. NEWELL (U.S.A.): Have you followed the deposi- 
tion of fatty acids in the aorta or plaque? And can these be 
controlled by diets using fish oils ? 

DR. J. J. PEIFER (U.S.A.): We have done only limited work in 
a brief experiment using pooled samples of rat aorta. Marine 
oils definitely did not promote increases in the aorta lipids, 
and may even have resulted in some decrease. Our sample 
size and the limited extent of research does not fully document 
the decrease. 

On Dr. L. W. Kinsell's paper DR. J. J. PEIFER (U.S.A.) asked: 
Would you care to comment on the work of Boetcher who 
found that arachidonic acid increased for patients at an 
advanced stage of coronary disease? 

DR. L. W. KINSELL (U.S.A.): It probably depends upon just 
which tissues were analysed. Lipids in lesions which are 
metabolically active will be affected by diet, and would con- 
tain arachidonic acid. Those at the irreversible stage would 
not react to diet, and would probably contain less linoleic and 
arachidonic acid. 

DR. O. R. BRAEKKAN (Norway): What about the question of 
the extent of ceroids in plaques ? 

DR. L. W. KINSELL (U.S.A.): We have not yet done much 
work on this; but we are deeply interested, as ceroid formation 
may well be a problem. I wonder if this may not be connected 
with oxidative changes. Perhaps more attention should be 
paid to the use of antioxidants in the diet. 
DR. E. LUND (Denmark): If polyunsaturated fatty acids can 
bring down and keep down blood cholesterol, but cannot 
prevent dermal symptoms in rats, they are not "essential". 



If, on the other hand, these polyunsaturatcds are converted 
during metabolism, they should prevent skin symptoms in rats. 

On the paper submitted by Dr. O. Notevarp and Dr. B. N. 
Cyvin, DR. E. LUND (Denmark) asked: Has Dr. Notevarp 
measured polyunsaturateds in long-term studies? Has he 
observed any relation between the clinical condition of 
atherosclerosis or thrombosis, and the increase of polyun- 
saturated fatty acids in the serum ? 

DR. O. NOTEVARP (Norway): Patients have been followed for 
two years, with blood cholesterol being measured every 
month or two. Actually, cholesterol changes very little, but 
the polyunsaturated fraction showed greater changes. 

On the paper submitted by Dr. C. M. Harlow and Dr. A. R. 
Morton, DR. H. LOREDO (Mexico) observed: We had a 
technical expert in Mexico who did a very good job of 
publicizing the importance of fish in the diet. In the three 
districts in which he worked, there was such an increase in 
demand for fish that the supply was insufficient. This showed 
that, in addition to educational efforts as advocated by Dr. 
Harlow, efforts are needed to increase production to meet the 
new demands, resulting from the education of consumers to 
eat more fish. 

DR. L. W. KINSELL (U.S.A.): Dr. Harlow indicated that 
perhaps the time to modify the diet was when the patient had 
a coronary attack. We have analysed tissues of many patients 
(after death), and found that an advanced stage of fibres is and 
calcification is usually present in patients who have had a 
coronary attack. That means that this condition has been 
reached over a period of many years. The condition is 
probably irreversible at this stage. Tissues from such patients, 
when extracted, yield insoluble calcium salts of oleic acid, 
whereas tissues from other patients show higher amounts of 
linoleic or arachidonic acid. It would seem that the best time 
to modify the diet is many years before these advanced stages 
of change have occurred, and while the tissue components are 
still at a reversible stage. 

On the paper submitted by Drs. S. A. Miller, H. A. Dymsza, 
and S. A. Goldblith, DR. F. SOUDAN (France) asked whether 
the reference made to "sardines" should not in fact have been 
made to "herring*'. 

DR. S. A. MILLER (U.S.A.): In my country the terminology is 
common : we pack herring and call it sardines. 
DR. G. BORGSTR$M (U.S.A.): Vitamin analysis on "sardines" 
should also cover tocopherols. I suggest wider inclusion of 
tocopherol data in such studies. 

DR. O. R. BRAEKKAN (Norway): Tocopherol, especially in 
alcohol form, is unstable, and extreme care is necessary to 
produce reliable data. 

DR. S. A. MILLER (U.S.A.): We are analysing tocopherol 
contents in synthetic diets. 

DR. G. BoRGSTRftM (U.S.A.): It is unfortunate that vitamin E 
(tocopherols) was not included in the vitamin analysis. 
Without information in this respect, no adequate interpreta- 
tion seems to be possible as to the distinctive features of these 
sardines. The lack of data on vitamin E content of fish and 
fish products is, in effect, deplorable also for another reason. 
It is quite conceivable that fish may be particularly valuable 
as a source of vitamin E. This appears a fruitful field for 
research. It seems indicated that advanced Western countries 
have not only gradually reduced their per capita intake of 
tocopherol in later decades, but at the same time raised their 
intake of visible fat. 
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Section 2c : TRACE ELEMENTS 

IMPORTANCE OF MINOR ELEMENTS IN FOOD, 
ESPECIALLY IN FISH 

by 
JOACHIM KUHNAU 

The nutritional value offish is not limited by its content in high-quality protein, essential fatty acids, calcium, phosphate, and vitamins. 
During the last years, evidence has accumulated that fishery products may efficiently contribute also to satisfying the human requirement 
for essential trace elements. This group of elements includes several metals belonging to the 1st and 2nd by-group of the periodic system 
(Cu, Mn, Zn, Co, Mo, Cr, V), as well as some metalloids (F, J and Se). They represent catalytically active components of the mammalian 
and human organism. 

While most of them (Cu, Mn, Zn, Co, F, J) have been shown to be essential for normal tissue metabolism and for the maintenance 
of health in man, the indispensability of other trace elements (V, Mo, Cr, Se) for man has not yet been fully proved, although animal experi- 
ments have made it very probable. Knowledge of the functions of trace elements is still restricted ; and for some of them (Mn, Zn, Mo, Cr, 
V, Se) so far no corresponding deficiency diseases in humans are known. However, there is no doubt that these elements have specialized 
functions in the human body, and therefore must be taken up with the food regularly in appropriate amounts. 

Among them, copper takes the first place as the best-known trace element. It is needed for the fixation of iron into hemoglobin, 
and a deficiency of Cu may cause anaemia even when sufficient dietary Fe is available. In addition, Cu forms an integral pan of several 
oxidizing enzymes. Manganese is necessary for the formation of bones and for the action of pituitary and gonadal hormones. Cobalt, as a 
component of vitamin B, 2 molecule, takes part in some essential steps of protein metabolism. Zinc activates insulin and is a building stone 
of various enzymes (carboanhydrase, uricase, lactic dehydrogenase, etc.). Fluorine is connected with the integrity of teeth, and iodine forms 
part of thyroid hormones. Finally, vanadium depresses cholesterol synthesis and prevents experimental atherosclerosis. Mo, Cr, and Se may 
be termed "ultra-micro elements", as their requirement figures are extremely low; whether an alimentary deficiency in these elements does 
occur under practical conditions is still uncertain. Molybdenum, as a flavo-protein component, plays an essential role in fatty acid and purine 
metabolism. Chromium takes part in glucose assimilation, and selenium seems to be a liver-protecting factor. 

Considering the manifold and vital functions of these trace elements, nutritionists must look upon fish as a valuable source of them 
with special interest. Isotope studies have shown that trace elements of sea water are concentrated in muscle and viscera of fish up to 100- 
to 10,000-fold of the original level, preferentially by fixation to fish proteins. Most of the essential minor elements are present in fishery 
products in substantial concentrations, which are at least equivalent to those in meal, and on the average much higher than those in vegetables 
and dairy products. For instance, fish muscle contains as much copper as meat (or even more), 5-10 times more fluorine, and about 100 
times more iodine. Zinc can be stored in large amounts in fish muscle and other organs of fish. Sardines are a good source of vanadium. 
Still higher are the concentrations of trace elements in fish eggs (cod roe), shell-fish, and crustaceans; each of these kinds of seafood may con- 
tain 100-1,000 times more Cu, Zn, Mn, Co, J, F, and V than fish itself. While an average serving of salmon, herring or cod may cover more 
than 20 per cent of the daily need for Cu, Zn, Co, F, or J, the same amount of shellfish, roe, or crustaceans (edible portion) supplies these 
elements in quantities equal to, or above, the daily requirement. In addition, copper and probably also the other micro-elements of fish 
muscle are completely absorbed and fully utilized by the human organism. The high content of fish, fishmeal, and other fishery products in 
minor elements is of particular value in every state of malnutrition, especially when there is a lack of animal protein and an excess of starchy 
foods (tubers, roots, etc.) which arc deficient in these elements. Lack of trace elements may be expected in continental areas far from the 
seashore, and it may be aggravated by parasitic infestation, as intestinal parasites accumulate enormous amounts of trace metals, thus depriving 
the host organism of these essential food constituents. 

In conclusion, fish, roe, fish meal preparations, shellfish, and crustaceans arc a valuable aid in maintaining the balance of trace 
elements in man, and constitute a preferential dietary supplement wherever a lack of indispensable trace elements is suspected. 

SUR L'l IMPORTANCE DES OLIGO-ELEMENTS DANS LES ALIMENTS ET EN PARTICULIER DANS 

LE POISSON 

La valeur nutritive du poisson n'est pas limitee par sa teneur en proteines de haute qualite, en acides gras essenticls, en calcium, en 
phosphate et en vitamines. Au cours des annecs rccentes, on a rassemblc des preuves sur la contribution efficace quc les produits de la peche 
pcuyent apporter pour satisfaire aux exigences de rhomme a regard des elements en traces esscntiels. Ce groupe d'eldments comprend 
plusieurs metaux appartenant aux lere et 2eme pgriodes (larges) de la classification periodique (Cu, Mn, Zn, Co, Cr, Mo, V), ainsi que quelques 
metalloldes (F, I ct Se). 11s representent des constituants catalyseurs actifs de Torganisme des mammiferes et de rhomme. 

Alors qu'on a pu montrer que la majorite d'entre cux (Cu, Mn, Zn, Co, F, 1) sont esscntiels au metabolisme tissulaire normal et 
au maintien de la sant6 chez rhomme, on n'a pas encore completement d6montr6 la necessity pour rhomme d'autres oligo-elements (V, Mo, 
Cr, Se), bien que celle-ci paraisse tres probable d'apres des experiences sur des animaux. Notre connaissance des fonctions des oligo-e!6ments 
cst encore restreinte, et pour quelques-uns d'entre eux (Mn, Zn, Mo, Cr, V, Sc) on ne connalt pas de maladies de carence correspondantes 
chez rhomme. Cependant, il est hors de doute que ces elements ont des fonctions sp&ialisees dans le corps humain, et qu'ils doivent 6tre, 
par consequent, absorbes regulicrement en quantites appropriees avec les aliments. 

Parmi eux, le cuivre, le plus connu des oligo-elements, prend la premiere place. 11 est necessaire pour la fixation du fer dans 1'hemo- 
globine, et une deficience en Cu peut provoquer 1'anemie, meme avec une suffisance de Fe dans les aliments. De plus, Cu represente une partie 
int&grante de plusieurs enzymes oxydantes. Le manganese est n&cessaire pour la formation des os et pour Faction des hormones de 1'hypophyse 
et des gonades. Le cobalt, comme composant de la molecule de la vitamine B 12 , prend part a quelques etapes essent idles du metabolisme des 
proteines. Le zinc active 1'insuline, et forme un maillon constitutif de di verses enzymes (carboanhydrase, uricase, deshydrogcnase lactique, 
etc.). Le fluor est en relation avec le bon etat de la dentition et Tiode participe a la formation des hormones de la thyrolde. Enfin, le vanadium 
inhibe la synthese du cholesterol et previent I'athdroscterose experimentale. Mo, Cr et Se pcuvent 6tre appeles "ultra-micro dements", car 
Us ne sont utiles qu'a tres faibles doses; il n'est pas encore sur qu'une deficience alimentaire de ces elements puisse pratiquement apparaitre. 
Le molybdene, comme constituant des flavo-proteines, jouc un r61e essentiel dans le metabolisme des acides gras et de la purine. Le chrome 
intervient dans 1'assimilation du glucose, et le selenium semble etre un facteur de protection du foie. 

A 1'egard des fonctions multiples et vitales de ces oligo-elemcnts, les specialistes de la nutrition doivent considerer avec une attention 
particuliere Je poisson en tant que source de valeur de ceux-ci. Des recherches avec isotopes ont montr6 que les oligo-elements dc 1'eau de 
mer sont concentres dans les muscles et les visceres du poisson a des taux qui atteignent 100 a 10.000 fois la concentration cTorigine, surtout 
par une fixation sur les proteines du poisson. La plupart des oligo-61ements essentiels sont pr6sents dans les produits de la peche en concentra- 
tions substantielles, au moins egales a celles de la viande et en moyennes superieures a celles des legumes et des produits laitiers. Par exemple, 
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le muscle de poisson contient autant de cuivre que la viande (ou meme plus), 5 a 10 fois plus de fluor et 100 fois plus, environ, d'iode. Lc 
zinc peut dtre stocke en quantites importantes dans le muscle et dans (Taut res organes du poisson. Les sardines sont une bonne source en 
vanadium. Les concentrations en oligo-elements dans les oeufs de poisson (rogue de morue), dans les coquillages et les crustaccs, sont encore 
plus elevens; chacun de ces types d'aliments marins peut contenir de 100 & 1.000 fois plus de Cu, Zn, Mn, Co, I, F et V que le poisson lui- 
mfime. Alors qu'une portion moyenne de saumon, de hareng ou de morue peut couvrir plus de 20% des besoins journal iers en Cu, Zn, Co, 
F ou I, la mdme quantite de coquillages, de rogue ou de crustaces (partie comestible) en couvrent la totalite ou plus. En outre, le cuivre 
ainsi que probablement d'autres micro-Kidmen ts du muscle de poisson sont completement absorbes et entierement utilises par r organ ismc 
humain. La haute teneur du poisson, de la farine de poisson et d'autres produits d'originc marine en oligo-elements est d'un intergt particulier 
a tous les stadcs de la malnutrition, specialement quand il y a carence en proteines animates et exces en aliments fdculents (tubercules, racines, 
etc.) pauyres en ces eldments. On peut s'attendre a une penurie en oligo-elements dans les zones continentales eloignees du rivagc maritime, 
et celle-ci peut tre aggravee par la presence de parasites infestants, intestinaux notamment, qui accumulent d'6normcs quantites d'oligo- 
elements, privant ainsi 1'organisme qui les h6bcrgcnt dc ces constituents alimentaires essentiels. 

En conclusion, le poisson, la rogue, les preparations farine uses de poisson, les coquillages et les crustaces peuvent valablemcnt 
contribuer a maintenir le bilan des oligo-16ments chez rhomme, et constituent un supplement preferentiel du regime partout ou Ton suspecte 
une penurie en oligo-el6ments indispensables. 

IMPORTANCTA DE LOS MICROELEMENTOS DE LOS ALIMENTOS, PARTICULARMENTE DEL PESCADO 

El valor nutritive del pescado no esta limitado por su contenido de proteinas de alta calidad, acidos grasos esenciales, calcio, fosfato 
y vitaminas. En los ultimos anos se ban acumulado pruebas de que los productos pesqueros pueden contribuir tambien eficazmente a sat is - 
facer las necesidades bumanas de microelcmentos esenciales. Este grupo de elementos comprende varios mctalcs del primer y segundo neriodos 
largos del sistcma peri6dico (Cu, Mn, Zn, Co, Cr, Mo,V), asi como algunos metaloides ( F, 1, Sc). Representan constituyentes catalizadores activos 
de los organ ism os de mamiferos, inclusive el hombre. Aunque se ha demostrado que casi todos el los (Cu, Mn, Zn, Co, F, O) son esenciales 
para el metabolismo normal de los tejidos y el mantenimiento de la salud del hombre, todavia esta por establecerse definitivamente que lo 
sean otros microelementos (V, Mo, Cr, Se), aunque los experimentos rcalizados con animales parecen indicar que lo son. Aun es incompleto 
el conocimiento de las funcioncs de estos microelementos y en el caso de algunos de ellos (Mn, Zn, Mo, Cr, V, Se) no se nan encontrado 
todavia enfermcdades carenciales correspondientes en el hombre. Sin embargo, no hay duda alguna de que desempenan funcioncs especial i- 
zadas en el organismo humano y que ticncn que consumirse regularmente con el alimento en cantidades suficientes. De ellos, el cobre, por 
ser el microelcmcnto mas conocido, ocupa el primer puesto. Se necesita para la convcrsi6n del hierro en hemoglobina, y su deficiencia puedc 
causar anemia aun cuando el hierro en los alimentos sea suficientc. El cobre tambieii es parte integrante de varios enzimas oxidantes. El 
manganeso es necesario para la formaci6n de huesos y para la accion de hormonas hipofisiarias y gonadales. El cobalto, como componente 
de la moldcula de lu vitamina B, 2 , participa en varias rases esenciales del metabolismo proteico. El zinc activa la insulina, y cs un consti- 
tuyente de varios enzimas (carbpanhidrasa, uricasa, deshidrogenajwi lactica, etc.). El fluor esta relacionado con una sana dentadura. El yodo 
forma parte de las hormonas tiroideas. Finalmente, el vanudio deprime la sintesis de colestcrol c impide la aterosclerosis experimental. Mo, Cr^ 
y Sc pueden denominate ultramicroelcmentos, porque la necesklad de ellos es muy pequefta. Todavia no se sabc si en condiciones practicas 
ocurre una escases alimcutaria de estos elementos. El molibdeno, como componente de las flavoproteinas, desempena un panel esencial en 
el metabolismo de acidos grasos y purinas. El cromio participa en la asimilaci6n de glucosa y el selenio parece ser un factor protector del 
higado. 

Tomando en consideraci6n las muchas y vitales funciones de estos microelementos, los nutriologos deben dedicar especial atencion 
al pescado como fuente de ellos. Los estudios dc is6topos ban demostrado que los microelementos del agua dc mar se encuentran en la carne 
y visceras del pescado, en conccntraciones de 100 a 10.000 veces mayores que en el agua, principalmcnte ligados a las proteinas. Casi todos 
los microelcmentos esenciales estan presentes en los productos pesqueros en concentraciones sensibles que, por lo menos, equivalen a las de 
la carne y, en general, sobrepasan con mucho a las de las hortalizas y productos lacteos. Por ejemplo: el tejido muscular del pescado contiene 
tanto o mas cobre, de 5 a 10 veces mas fluor y unas 100 veces mas yodo que la carne. El zinc se puede acumular en importantes cantidades 
en la carne y diversos organos del pescado. Las sardinas son una buena fuente de vanadio. Son todavia mayores las concentraciones de 
microelementos en las huevas (bacalao), crustaceos y moluscos, que pueden contener de 100 a 1.000 veces mas Cu, Zn, Mn, Co, F, J y V que 
el propio pescado. Mientras una porcion normal dc salmon, arcnque o bacalao puede satisfacer mas del 20% de las necesidades diarias de 
Cu, Zn, Co, F o 1, la misma cantidad de huevas, crustaceos o moluscos (parte comestible) suministra estos elementos en cantidades iguales o 
superiores a dichas necesidades. Ademas, el cobre, y probablemente los otros microelementos de la carne del pescado, se absorven y aprovc- 
chan enteramente por el organismo humano. El elevado contenido de microelementos en el pescado, harina de pescado y otros productos 
de la pesca reyiste especial importancia en todos los casos de malnutrici6n, particularmente en los de falta de proteinas animales y cxccso dc 
alimentos amilaceos (tuberculos, raices, etc.) que son dcficicntes en ellos. La escasez de microelementos puede ocurrir en zonas continentules 
Icjanas del mar y estar agravada por infestaci6n de parasites, ya que los intestinales acumulan enormcs cantidades de ellos y privan al organismo 
hospedante de estos constituyentes esenciales. 

En conclusi6n, el pescado y sus huevas, los preparados a base de harina de pescado, los crustaceos y los moluscos constituyen una 
valiosa aportaci6n al mantenimiento del equilibrio de microelementos en el hombre y un complemento preferente de la alimentaci6n siempre 
que se sospeche falta de estas substancias indispensables. 



DISCUSSION 

In the discussion on Dr. J. Kiihnau's paper, DR. G. BORG- 
STR^M (U.S.A.) observed: The non-edible portions of fish are 
the most important sources of trace elements, and more use 
could well be made of them as sources of trace elements. Also, 
data on the pick-up and concentration of Zn 66 from sea water 
into fish tissues would be valuable. 

DR. J. KOHNAU (Germany): Yes, it would be interesting to 
include other organs in our study of trace elements in fish 
muscle. Zinc is highly concentrated in fish muscle with even 
higher concentrations localized in some organs. Fillets are 
poorer in trace elements than whole fish, but fillets still 
contain greater quantities of trace elements than land-animal 
meat. Fish flour has 3-10 times the trace element content of 



meat ; fish viscera is of the order of 1,000-10,000 times as high. 
DR. D. P. CUTHBERTSON (U.K.): What is the role of vanadium 
in atherosclerosis control ? 

DR. J. KOHNAU (Germany): Vanadium does depress choles- 
terol in rabbits and rats. Workers in vanadium ores have 
serum cholesterol levels below those of the surrounding 
populace. 

DR. D. P. CUTHBERTSON (U.K.) What is the role of chromium 
in carbohydrate metabolism? 

DR. J. KOHNAU (Germany): Chromium seems to be impor- 
tant, along with zinc, in glucose metabolism; but the 
mechanism is obscure. 

DR. J. J. PEIFER (U.S.A.): Vanadium may produce hypo- 
cholesteremia, and reduce atherosclerosis; but how about 
toxic effects? 
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DR. J. KUHNAU (Germany): Yes, indeed the margin between 
therapeutic and toxic doses is narrow. Some workers in 
vanadium ore plants did get toxic effects; but those who did 
not had lower incidence of atherosclerosis. 
DR. F. BRAMSTEDT (Germany): What is the relationship 
between the trace mineral elements and the spoilage of fish ? 
Since they are bound to protein, are they not released by 
degradation of the fish? Are the peptidases activated or 
inhibited by the release of trace minerals from the protein 
bond? 

DR. J. KUHNAU (Germany): Degradation may change the 
binding of metals, and liberate them to the active state. Those 
released metals may activate or inhibit peptidase. 
DR. G. BORGSTROM (U.S.A.): It should be born in mind that 
trace element analyses only rarely are clearly defined as to the 
tested sample, whether muscle tissue exclusively, viscera, or 
remnants of residues. It does appear that caution should be 
exercised in raising claims as to the consumed fish in this 
report, particularly as the technological development in 
advanced countries shows a pronounced trend towards 
filleting whether fresh, frozen or even canned. With reference 
to radionuclides, 1 observed the author did not mention Zn 66 . 
As this unquestionably accumulates in the muscle tissue, 
particular attention should be directed towards this com- 
pound. Tt constitutes an obvious hazard; so that, when we 
mention the lack of strontium 90 and others as an asset of 
fish, Zn 86 may be or become a liability. This point requires 
expanded research. 

DR. J. KUHNAU (Germany): Trace elements are found in 
higher concentration in the digestive tract or where digestion 
is going on. This may indicate that they would activate 
digestive enzymes. 

DR. D. P. CUTHBF.RISON (U.K.): Could we have from Dr. 
Kiihnau further details on the effect of vanadium on depressing 
cholesterol and reducing experimentally-induced athero- 



sclerosis? Also some further detail on the role of chromium 
in carbohydrate metabolism? 

DR. S. V. BERSAMIN (Philippines): Dr. Kiihnau talked about 
the efficient activity of planktonic organisms in the fixation 
and accumulation of trace elements in their constitution. This 
is especially interesting from the point of view of the nutritional 
ecology of aquatic organisms like fish. The principal food of 
fish in any type of aquatic environment is plankton. It would 
be most interesting, from this point of view, to know if Dr. 
KUhnau has made studies on the comparative efficiencies of 
various groups of planktonic organisms in fixing and accumu- 
lating trace elements in their bodies. Further, it would be an 
important contribution to the scientific world to know the 
definite effects of the various groups of plankton organisms 
mentioned above, when consumed by fish as food in its 
chemical composition and nutritive values. Previous studies 
indicate that chemical composition of aquatic organisms is 
influenced by the quality of food they eat. 
DR. G. BORGSTR^M (U.S.A.): J feel that further discussion has 
warranted my intervention, and 1 would strongly urge intensi- 
fied research in this field. 1 think Dr. KUhnau would agree 
with me on this. It is evident that the digestive tract is a far 
more potent source of the trace elements than the muscle 
tissue. Another technological factor enters as a complication 
into this field, namely the efficiency of bleeding. For a good 
frozen product, the blood has to be removed as well as 
possible, which presumably reduces the flesh potency as to 
trace elements. The relationships need to be clarified when 
we direct ourselves to the general public with claims of 
nutritive excellence on behalf of fish. Nevertheless, for the 
sake of the record, 1 should like to add that it is generally 
agreed that saltwater fish is a good source of iodine. Further- 
more, fluorine is a characteristic feature of seafood, in contrast 
to most other foods. Fish has a unique merit which might be 
important to the caries discussion. 
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Section 1: GENERAL 

EFFECTS OF PROCESSING ON THE NUTRITIVE VALUE 
OF FISH PRODUCTS IN ANIMAL NUTRITION 

by 
L. E. OUSTERHOUT and D. G. SNYDER 

Variations in the nutritive value of industrial fishery products for animal feeding have been attributed to differences in the raw 
material, and to changes in nutrient content and availability during the processing and handling of the products. Considerable research still 
needs to be done to determine the methods most suited for the production of products of highest quality. 

For fish meal, which is the principal industrial fishery product, the major variations in nutrient content are caused by differences in the 
raw materials used and by the extent of nutrient loss or removal during processing, principally in the pressing operation. Fish meal of high 
quality can be prepared from all species of fish (teleosts), fresh or spoiled, by any of the common commercial methods. The greatest 
variation in nutrient quality, especially protein availability, is caused by variations in drying, and in subsequent curing and storage. Either 
vacuum, steam, or direct-heat driers may be utilized for the production of quality meal. The addition of solubles or antioxidant does not 
appreciably affect the protein quality of the meal. 

EFFETS DU TRA1TEMENT SUR LA VALEUR NUTRITIVE DES PRODUITS DU POISSON 
DANS L'ALIMENTATION DES ANIMAUX 

Les variations de la valour nutritive des produits industriels de la peche pour ralimentation des animaux ont et attributes a des 
differences dans les ma tie res premieres et a des modifications dans la teneur et dans la disponibilite des elements nutritifs pendant le traitement 
et la manutention des produits. 

II reste encore a conduire un ensemble considerable de recherches pour definir les me th odes qui conviennent le mieux pour fournir 
des produits de la plus haute qualite. 

Pour les farines de poisson, principal produit industriel de la peche, les variations les plus importances de la teneur en elements 
nutritifs sont dues aux differences dans les matieres premieres utilisees et a la mesure ou se perdent ou merne s'eliminent les elements 
nutritifs pendant le traitement, et surtout pendant 1'operation de presse. Des farines de poisson de haute qualite pcuvent etre pr6par6es a 
partir de toutes les espSces de poissons (teleosteens), frais ou abimds, par toutes les methodes commerciales courantes. La plus grande varia- 
tion de la qualit6 nutritive, surtout de la disponibilite en proteines, est entrainee par des variations dans 1'operation de sechage et dans les 
operations de conservation et d'entreposage ultcricures. Des sechoirs sous vide, par vapeur ou par chauffe directe, peuvent etre utilises pour 
la production d'une farine de qualite. L'addition de solubilises ou d'antioxydants n'affecte pas d'une fagon appreciable la qua1it proteique 
de la farine. 

EFECTOS DE LA ELABORACION EN EL VALOR NUTRITIVO DE LOS PRODUCTOS PESQUEROS 

EN LA ALIMENTACION DE LOS ANIMALES 

Las variacioncs en el valor nutritivo de los productos industriales de la pesca en la alimentacion de los animales se ha atribuido a 
diferencias en la materia prima y a modificaciones en el contenido y disponibilidad de los elementos nutritivos durante la elaboraci6n y 
manipulacibn de los productos. Se tienen que realizar todavia muchas investigacioncs para definir los m6todos mas convenientes para obtener 
productos de la mayor calidad. 

Para las harinas de pescado, que es el principal producto industrial de la pesca, las variaciones mas importantes en el contenido dc 
elementos nutritivos las causan las diferencias en las materias primas empleadas, y en el grado en que los elementos nutritivos se pierden o se 
eliminan durante la elaboraci6n, principalmentc durante la prensadura. Se pueden preparar harinas de pescado de gran calidad a partir de 
todas las especies de peces (teledsteos), frescos o echados a perdcr, por cualquiera de los metodos industriales corrientes. Las principals 
variaciones de la calidad nutritiva, especialmente de la disponibilidad de proteina, se deben a las variaciones en la desecaci6n y, posteriormente, 
en el curado y almacenamiento. Se pueden emplear secadores de vacio, vapor, o calentamiento directo para la production de harinas de 
calidad. La adici6n dc solubles o antioxidantes no influye de manera sensible en la calidad protcica de la harina. 



BECAUSE fishery industrial products have an 
important role in the formulation of high-efficiency 
animal diets, researchers have sought to explain 
the variation in nutritive quality of these products. Of 
course, the variations can only be attributed to differences 
in the raw materials, and to the effects of processing and 
handling on the nutrient content of the materials. Certain 
processing variables increase the contents of some 
nutrients, while decreasing that of others. Inasmuch as 
high-quality protein is the main nutrient contributed by 
fishery products, especially fish meal, protein has been 
studied to the greatest extent; but vitamins, growth 
factors, minerals, and energy values are also affected 
during manufacture and handling. 
Since fish meal is the principal fishery industrial 



product, it will be the one primarily discussed in this 
report, though other products, such as condensed fish 
solubles, will also be treated. 

FISH MEAL 

The main topics discussed in this section are (a) variables 
involved in the processing and marketing of fish meal, 
(b) early research, (c) effects on nutrient quality of wet 
rendering, and (d) effects on nutrient quality of dry 
rendering and other methods of manufacture. 

PROCESSING AND MARKETING VARIABLES 

Most fish meal is produced by wet reduction (1, 2, 3), 
though smaller quantities are made by dry rendering, or 
by other methods such as solvent extraction or sun dry- 
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ing. The raw material, consisting either of whole fish 
caught specifically for reduction or of waste from filleting 
or from canning, is transported to the reduction plant for 
storage until it can be processed. The material may be 
held at ambient temperature, under refrigeration, iced, 
in refrigerated sea water, precooked, or in any com- 
bination of holding temperatures and conditions; and it 
further may be preserved with salt, nitrite, formalin, or 
possibly other preservatives. The raw material is then 
cooked, usually by direct or indirect steam-heated 
continuous cookers, and pressed to remove a large part 
of the moisture and oil. The press cake is dried and 
becomes fish scrap. Many different types and sizes of 
driers may be used, including batch or continuously fed 
equipment, heated by steam or direct heat and operating 
under atmospheric pressure or partial vacuum. The scrap 
may then be piled in bulk, or sacked, or it may be ground 
to meal and stored in bulk or sacked. Sometime during 
the operation, an antioxidant may be added. Depending 
upon the type of fish from which the meal is produced, 
it may or may not be cured before shipment. And before 
it is finally utilized, the meal or scrap may be stored under 
varied conditions of time, temperature, humidity and 
aeration prior to being formulated into feed. 

Nutrient loss or damage can occur during many of 
these operations. 

EARLY RESEARCH 

Most early research on the quality of fish meal was 
designed to develop the best commercially practicable 
conditions as related to the main variables of processing. 
At that time, fish meal was used for a combination of its 
protein, vitamin and mineral values. Variations in the 
content or quality of any of these nutrients could cause 
variations in the results of feeding experiments. It is hard 
to interpret these early research results, since most 
materials tested had sketchy processing histories, and it 
is difficult to evaluate the adequacy of the diets used. 

In general, though, before World War II, research on 
the quality offish meal as affected by processing variables 
indicated that the factor contributing most to the varia- 
tion in fish meal nutritive value at least in the nutritive 
value of the protein was the operation of the drier 
(4-14). Most work at that time merely compared 
commercial meals produced by flame, steam, and 
vacuum driers, and indicated that meal produced in 
flame driers was usually inferior to those produced in 
the other types. Evaluation of the meal made from 
different species offish indicated that white fish meal was 
often superior to the meal made from the oily species. As 
more manufacturers began producing meal primarily for 
feed rather than for fertilizer, more of the meal from oily 
species soon became as acceptable as whitefish meal. The 
quality of fish meal available for feeding purposes 
improved consistently during this period, as many manu- 
facturers, generally through empirically developed means, 
improved the processing conditions, which enabled them 
to make a quite uniform, acceptable product. Only a 



small part of this development occurred as a result of well- 
organized and published research. 

Changes in the fishing and animal industries caused by 
World War II created a shortage of animal-protein feed- 
stuffs, and resulted in large-scale use of vegetable protein 
concentrates for feeding poultry. Until vitamin B 12 was 
discovered and manufactured commercially, though, it 
was almost essential that quantities of animal protein 
feedstuffs either fish or meat meal be included in 
poultry feeds, since they are good sources of vitamin B 12 . 
This change to the use of fish meal primarily as sources 
of vitamins and other growth factors shifted the direction 
of research to those processing methods which are most 
economical and efficient for the preservation of these 
nutrients. It also resulted in the development of products 
other than fish meal. These include condensed and dried 
fish solubles, liquid fish, and fish materials dried on a 
vegetable carrier as a means for utilizing material, such as 
stickwater, which previously was discarded, thus extend- 
ing the available raw material to achieve most efficient 
use. 

After commercial concentrates of vitamin B 12 , and the 
other vitamins and unidentified growth factors (UGF), 
became available, the value of industrial fishery products 
as vitamin sources fell. In recent years, fish meal has been 
utilized primarily for its protein value, particularly for its 
content of lysine and the essential sulphur-containing 
amino acids, methionine and cystine. Other industrial 
fishery products, however, and fish meal to some extent, 
are still used for their UGF value in some poultry rations. 

Measurement of the protein quality of fish meal and 
other protein supplements is a subject upon which no 
general agreement among nutritionists has been reached. 
Workers in different parts of the world have usually 
adopted methods that they consider realistic for their 
studies. Many laboratories utilize animal trials most 
often with young growing chicks or rats but some use 
chemical or enzymatic methods, employing animal trials 
only to check validity. Results obtained with most of the 
methods are acceptable within limitations. 

WET RENDERING 

The principle variables involved in wet rendering are 
(1) raw material, (2) cooking, (3) pressing, (4) drying, 
(5) curing, and (6) storage. The effect of each of these on 
nutrient quality will be considered in the following sub- 
sections. 

(1) Raw material 

Fish meal of high protein quality can be manufactured 
from most of the species of fish (teleosts) which are now 
commercially available (15-17). Inherent differences in 
the composition of some species, however, particularly 
in the amount and type of oil, apparently limit the 
processing quality control that must be maintained to 
assure a product of high quality. 

Fish meal produced from whole fish has often been 
thought to be of higher quality than that produced from 



304 



Effect of Processing on Value for Animal Nutrition 



filleting or canning wastes; but evidence (6, 7, 15-20) 
indicates that many meals produced from such wastes 
including whitefish, redfish, mackerel and herring types 
are of as equally high protein quality as those produced 
from whole fish, though usually of a lower protein 
content. Meals produced from wastes from some canning 
operations, however, may be of considerably lower 
protein content and quality than is most meal made 
from whole fish. The lower protein content and quality 
are due possibly to the considerably higher percentage of 
bone protein and non-protein nitrogen in many of these 
meals. 

The condition and duration of storage of the raw 
material have a considerable effect on the nutrient con- 
tent of some fish meals. Industrial fish, handled in whole 
form, contain active proteolytic enzymes, particularly in 
the gut; and unless the enzymatic action is prevented or 
delayed, it will rapidly liquefy visceral and muscle 
protein (21). If this liquefied protein which is a 
mixture of amino acids, peptides, and soluble protein 
is lost in the transfer of the fish by pumping or water 
fluming, the meal produced from the remaining material 
will have a considerably lower protein and vitamin 
content than normal. If, however, the soluble materials 
are conserved, the protein content of the meal produced 
from the spoiled fish may often be as high as that pro- 
duced from fresh fish, and the content of some of the 
vitamins, particularly vitamins B 12 and K, may even be 
higher than usual (22, 23). Thus, the chief advantage of 
rapid handling or refrigeration of the raw material lies 
in the prevention of loss of nutrients rather than in the 
maintenance of high quality of protein. A secondary 
advantage lies in the easier processing of the fresh, firm 
material than of the soft, mushy, spoiled material, 
particularly in the pressing operation, thus allowing a 
more efficient extraction of the oil. 

A number of preservatives have been tested, and 
several are widely used for delaying the spoilage of the 
raw fish and for aiding the processing of fish softened by 
spoilage (24, 25). The use of preservatives is particularly 
advantageous in areas where it permits an extension of 
the processing time during temporary gluts of fish. Use 
of sodium nitrite, or formaldehyde, or combinations of 
both within certain limits, has been shown to preserve 
the raw fish for practical periods of time, and to cause no 
detectable injury to the quality of protein. A number of 
other materials have been tested, but are either lacking 
in effect or are too costly. Sodium nitrite is probably the 
most efficient for preservation, but it tends to soften the 
fish; whereas formaldehyde, at levels high enough to 
preserve the fish, tends to harden the tissues excessively. 
Used together, they are quite successful. 

Other variables in the handling of the raw material 
include use of salt as a preservative, particularly in the 
sardine fishery. In small quantities, this substance has 
little effect on the meal, except for the increase in content 
of salt. The higher amount of salt present should be 
considered in feed formulations using these meals. 



Much of the raw material available for reduction in 
tuna canneries has been pre-cooked, and may be stored 
before being further processed. Under certain conditions, 
spoilage occurs resulting in high levels of histamine in 
the finished meal (20, 26, 27). The histamine formed can 
adversely affect the growth of chicks fed rations con- 
taining high quantities of these meals. 

(2) Cooking 

Although special processes have been developed which 
eliminate or combine the cooking step with other 
operations, most fish being processed for meal are cooked 
in direct or indirect steam cookers, usually continuously 
fed. Proper cooking is considered necessary to coagulate 
the protein and to prepare the raw fish for efficient 
pressing. It is hard to press undercooked fish and to 
achieve efficient removal of oil and moisture. The effect 
of cooking on the nutritive quality of the meal has been 
the subject of limited studies (28, 29), most of which 
indicate that properly cooked material has a higher 
protein quality than uncooked, undercooked, or over- 
cooked material. Whether the improvement due to 
cooking is an actual improvement in protein quality, or 
is merely the effect of destruction of deleterious enzymes, 
possibly thiaminase, has been questioned, but has not 
been determined. Cooking has been shown to cause small 
but measurable losses in several of the vitamins. 

(3) Pressing 

Little or no research has been conducted on the effects of 
the pressing operation on the nutritive value offish meal, 
since in the usual method of manufacture it is an essential 
step and cannot be easily varied. The protein quality of 
wet, or of carefully dried, presscake has been shown to be 
higher than that of the fish meal produced from it, and 
to be higher than the apparent protein quality of raw fish 
(28). The improvement in quality has been attributed to 
the cooking, and the loss in quality to the drying. In the 
pressing operation, large amounts of some nutrients are 
removed. These include much of the oil and of some 
soluble proteins, minerals, and vitamins. Often the 
soluble materials are saved and concentrated ; then they 
are either marketed as condensed fish solubles or dried 
solubles, or else the concentrate is added to the presscake 
for the preparation of a full or whole meal. 

(4) Drying 

Most early research reports on processing dealt with the 
effects of different types of driers on the comparative 
nutritive value of the meals (4-14, 30). Later research has 
shown that variations in the nutritive value of meals, 
produced by each of the different types of driers, are much 
greater than the differences between the mean nutritive 
value of meals produced by the different types ( 1 5-1 7, 31 ). 
To infer that a certain type of drier will produce meal of 
better or poorer quality than another type requires 
sufficiently large sampling and testing to enable statistical 
evaluation. Only recently have several extensive studies 
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been completed that will permit the use of statistical 
methods. These have shown that all of the commonly 
used types of driers can produce meal of equally high 
nutritive value. Meal of lower protein quality is more apt 
to be produced, however, in hot-air or flame driers than 
in vacuum or steam driers. A number of studies have 
shown that heating fish meal protein at temperatures 
slightly above the boiling point of water does no damage 
to protein quality until the moisture content of the 
particles drops to a low level (32). Any further heating 
then causes a deterioration in the quality. As long as the 
temperature remains close to the boiling point, though, 
the loss in quality is slow. A rise in temperature of 20"F 
above this level will cause a rapid loss in the quality of 
the protein (32-35). Further rises in temperature will 
cause burning and charring of particles; indeed, if it is 
carried far enough, it will completely destroy the protein 
value. It is interesting to note that badly charred meal 
may still have near-normal crude protein levels and 
possess substantial UGF activity (36). There is no 
particular advantage, with regard to protein quality, of 
meal dried at the substantially lower temperatures used 
in some vacuum driers over those dried in properly 
constructed and operated steam or hot-air driers. 

A number of studies (37-42) have shown that some loss 
of vitamins occur even during the most careful drying of 
fish materials. Drying under severe conditions destroys 
high percentages of the vitamins. Loss of vitamins, 
therefore, is closely related to the loss of protein quality 
in the meals. 

(5) Curing 

Proper handling of the scrap and meal after drying is 
essential for the preservation of nutritive quality. The 
highly unsaturated oils in fish meals rapidly oxidize and 
polymerize in the presence of even limited amounts of 
oxygen (43, 46). These reactions develop considerable 
heat; and if this heat is allowed to build up, serious 
damage to protein, and even fire, will occur. Meal differs 
widely in its reactivity and tendency to heat. Differences 
have been attributed to species, season, area, type of 
drier, residual oil and moisture content, addition of 
solubles, and coarseness of material. It is possible to 
grind, sack, and ship some low-fat, non-reactive meal, as 
soon as the scrap emerges from the drier. Other meal 
can be ground and sacked, but the sacks must be stored 
in such a manner as to allow the dispersal of heat. Still 
other material must be handled in bulk form as scrap, 
and be stirred and aerated to cool for a number of days 
before it can be ground and handled as meal. Curing 
is usually continued, either in sack or in bulk, until the 
reactions slow down enough to allow use of normal 
methods of handling feedstuffs without danger of fire, 
caking, or loss of nutrients. 

Of the variables listed above as affecting reactivity of 
the material, producers have greatest control over the 
residual oil and moisture content. Most meal of high 
quality is produced with the crude fat content below 10 



per cent, and the moisture content as near 8 per cent as 
possible. The addition of solubles to the presscake before 
drying tends to lower the reactivity (44-46), possibly by 
lessening the access of oxygen to the fat. Handling the 
scrap in a coarse condition decreases the temperature 
build-up, and makes the necessary cooling and aeration 
easier. 

In recent years a number of producers, particularly 
those utilizing menhaden, have used antioxidants to 
reduce the build-up of heat and to extend the space of 
time in which the scrap piles may be turned. The 
antioxidant most used is butylated hydroxytoluene 
(BHT), though a number of others have been tested, and 
some have proved effective in pilot-plant trials (45-49). 
The antioxidant is added to the scrap, either when it 
emerges from the drier or sometime later during the 
handling of the material. A study of its use shows that, if 
a sufficient amount is properly dispersed throughout the 
scrap, the antioxidant will decrease but not eliminate the 
heating and may thereby aid in preserving the nutritive 
value of both the fat and the protein. Although use of 
antioxidants undoubtedly makes it easier for producers 
in some areas to manufacture fish meal of high quality, 
the presence of antioxidant in a meal is not a guarantee 
that the meal is of high quality; high-quality meal can be 
manufactured even from the most reactive material 
without antioxidants. 

(6) Storage 

Studies on changes in the nutritive quality of fish meals 
during storage have shown that some types of meal 
remain stable, even when stored for several years, 
whereas others deteriorate even during a few months of 
storage (50-52). 

Reactive meal has been stored experimentally under an 
atmosphere of nitrogen at low temperature, and its 
nutritive quality has remained apparently unchanged for 
long periods (53). The same meal stored at ambient 
temperature or in air showed a loss in quality of protein. 

Most of the deterioration in nutritive quality during 
storage has been shown to be a decrease in the digesti- 
bility of protein and fat (50-57). Other nutrients con- 
tained in the meal are either more stable, or their behavior 
has not been studied. Again, the types of meal containing 
the more reactive fats are those that deteriorate most 
rapidly. Standard analytical procedures indicate normal 
deterioration by a decrease in amount of ether-extract 
(53, 54, 57, 58). Values for crude fat as determined by 
procedures involving hydrolysis show little loss, whereas 
other milder extraction procedures indicate varying 
decreases in the amount of extractable fat. Though little 
definitive work has been reported, it is assumed that the 
oxidation and polymerization of the fats continue during 
storage at a rate that varies according to their reactivity 
and the storage conditions, and that the fats become less 
digestible. Also, in polymerizing, the fats limit the 
digestibility of the protein either by physically preventing 
the digestive enzymes from reaching the peptide bonds or 



306 



Effect of Processing on Value for Animal Nutrition 



by reacting with the ammo acids to form either indiges- 
tible or non-assimilable units. 

The use of antioxidants has been demonstrated to 
prevent or delay these deteriorative changes (45-49, 57). 
Meals stored in the unground form as scrap are also 
more stable in storage. With some types of meal, 
storage in sacks rather than in bulk tends to preserve 
nutritive quality. Some types of products if stored in 
bulk, either as scrap or as ground meal, should be turned 
periodically to prevent caking and heating and consequent 
loss in quality of protein. 

DRY RENDERING AND OTHER METHODS 

The nutritive quality offish meal produced by dry render- 
ing should be about the same as that for meals produced 
by wet rendering (8-11). Dry rendering, however, is 
considered suitable only for fish containing low levels of 
fat. 

Meal produced by the more primitive methods, such 
as by sun-drying, is greatly variable in quality (59). Use 
of lime or excessive quantities of salt to retard putrefica- 
tion during drying has been reported to limit the general 
nutritive quality offish meal manufactured in this manner. 
Much of this meal contains excessive quantities of sand. 

Limited amounts of fish meal are being produced by 
methods utilizing some type of solvent extraction (18). 
This meal normally contains very low levels of residual 
fat, some being almost fat- and odour-free. Although they 
are generally processed at temperatures considerably 
below those thought to cause protein damage, meal of 
these sorts vary considerably in protein quality. 

OTHER PRODUCTS 

The content of vitamins and unidentified growth factors 
(UGF) in fish solubles has been shown to vary over a wide 
range (60). Although a number of factors have been 
implicated in contributing to the variation, the definite 
processing conditions that could produce the highest 
vitamin and UGF contents in the finished material have 
not been determined. Among the factors believed to 
influence the nutrient content of the solubles are season, 
species of fish, freshness of fish and of stickwater, 
preservatives used, use of proteolytic enzymes, and 
processing temperature. At present, a considerable 
portion of the solubles is added to the presscake, and is 
then dried with it to contribute added nutrient content, 
especially vitamins and UGF, to the meal. Little work 
has been published on comparative nutrient values of 
meal produced with and without added solubles, though 
recently it has been shown (17) that the quality of protein 
in the meal is not appreciably affected by the addition of 
the protein of rather low quality contained in the solubles. 
Some fish are processed by liquefaction, either by en- 
zyme digestion (61) or by patented processes, followed 
by concentration; the product is then marketed as a con- 
densed liquid, is dried into powdered form, or is absorbed 
on to a vegetable-type carrier and dried. All forms have 
been shown to possess UGF activity and to contain other 



vitamins and amino acids. Little work has been reported 
on comparative nutritive values for these products. 



REFERENCES 

(1) TRESSLER, DONALD K., and LEMON, JAMES McW. (1951). 

Marine Products of Commerce, Reinhold Publishing 
Corporation, New York, N.Y., 468-492. 

(2) SANFORD, F. BRUCE, and LEE, CHARLES F. (1960). U.S. 

Fish-Reduction Industry. U.S. Department of the 
Interior Commercial Fisheries TL 14. 

(3) SANFORD, F. BRUCE, and LEE, CHARLES F. (1961). 

Menhaden Industry ; U.S. Department of the Interior 
Commercial Fisheries TL 31. 

(4) HARRISON, ROGER W. (1931). The Menhaden Industry. 

U.S. Department of Commerce, Bureau of Fisheries, 
Investigational Report No. 1. 

(5) DANIEL, ESTHER PETERSON, and MCCOLLUM, E. V. (1931 ). 

Studies on the Nutritive Value of Fish Meals. U.S. 
Department of Commerce, Bureau of Fisheries, 
Investigational Report No. 2. 

(6) SCHNEIDER, BURCH H. (1932). Nitrogen-balance studies 

with various fish meals. Journal of Agricultural 
Research, 44, 723. 

(7) MAYNARD, L. A., and TUNISON, A. V. (1932). Influence 

of drying temperature upon digestibility and biological 
value of fish proteins. Industrial Engineering 
Chemistry, 24, 1168. 

(8) WILDER, O. H. M., BETHKE, R. M., and RECORD, P. R. 

(1934). Effect of method of manufacture on the 
nutritive value offish meals as determined by nitrogen- 
balance studies with rats. Journal of Agricultural 
Research, 49, 723. 

(9) RECORD, P. R., BETHKE, R. M., and WILDER, O. H. M. 

(1934). Effect of method of manufacture on nutritive 
value of fish meals as determined by growth studies 
with chicks. Journal of Agricultural Research, 49, 715. 

(10) WILGUS, H. S., JR., NORRIS, L. E., and HEUSER, G. F. 

(1935). Haddock meal. Effect of manufacturing 
process upon nutritive values. Industrial Engineering 
Chemistry, 27, 419. 

(11) HARRISON, ROGER W., ANDERSON, ANDREW W., and 

POTTINGER, S. R. (1935). Effect of Manufacture on the 
Quality of Non-oily Fish Meals. U.S. Department of 
Commerce, Bureau of Fisheries, Jnvestigational 
Report No. 30. 

(12) POTTINGER, S. R., HARRISON, ROGER W., and ANDERSON, 

ANDREW W. (1935). Effect of Manufacture on the 
Composition of Haddock Fish-Meal Proteins. U.S. 
Department of Commerce, Bureau of Fisheries, 
Investigational Report No. 31. 

(13) BERRY, M. H., and MANNING, J. R. (1936). Comparison 

of the feeding value of steam-dried and flame-dried 
menhaden fish meal. Journal of Dairy Science, 19, 
663. 

(14) BARRICK, E. R., VESTAL, C. M., and SHREWSBURY, C. L. 

(1943). The nutritive value of certain fish meals as 
determined in tests with swine and rats. Journal of 
Agricultural Research, 66, 125. 

(15) GRAU, C. R., KARRICK, NEVA L., LUNDHOLM, B. D., and 

BARNES, R. N. (1959). Nutritional values offish-meal 
proteins and their relation to processing variables. 
Commercial Fisheries Review, 21 (8), 7. 



307 



Fish in Nutrition: Value in Animal Feeding 



(16) RUNNELS, T. D., NILSON, HUGO W., BENDER, MAURICE, 

SNYDER, DONALD G., and OUSTERHOUT, L. E. (1961). 
The Relationships of Processing Variables and Chemical 
Composition to the Nutritive Value of Fish Meals as 
Determined by Broiler Feeding Tests. U.S. Depart- 
ment of the Interior, Commercial Fisheries TL 21. 

(17) OUSTERHOUT, L. E., and SNYDER, D. G. (1961). Bureau 

of Commercial Fisheries, Technological Laboratory, 
College Park, Maryland. Unpublished data. 

(18) RAND, N. T., COLLINS, V. K., VARNER, D. S., and 

MOSSER, J. D. (1960). Biological evaluation of factors 
affecting the protein quality of fish meals. Poultry 
Science, 39, 45. 

(19) LANHAM, W. B., JR., and NILSON, H. W. (1947). Some 

studies on the feeding value offish meals. Commercial 
Fisheries Review, 9 (8), 1. 

(20) GRAU, C. R., BARNES, R. N., KARRICK, NEVA L., and 

McKEE, LYNNE G. (1956). Effect of raw material on 
tuna meal quality. Commercial Fisheries Review, 18 
(7), 18. 

(21) LASSEN, SVF.N, BACON, E. KYLE, and DUNN, J. H. (1951). 

Fish reduction process. Industrial and Engineering 
Chemistry, 43, 2082. 

(22) LANHAM, W. B., JR., and NILSON, H. W. (1942). The 

Effect of Heat and Moisture on the Feeding Value of 
Pilchard Meat. U.S. Department of the Interior, Fish 
and Wildlife Service, Research Report 3. 

(23) MORI,T., HASIMOTO, Y., and MEADA, Y. ( 1953). Animal 

protein factor and vitamin B 12 content of marine 
animals in spoilage. IV. Variations in vitamin B 12 
content of marine animals in spoilage. Bulletin of 
Japanese Society of Scientific Fisheries, 19, 45. 

(24) PIENAAR, A. G. (1958). Preservation of pilchards. 

Twelfth Annual Report of the Fishing Industry Research 
Institute (South Africa), 25. 

(25) CARPENTER, G. A., and OLLEY, JUNE (1960). Preservation 

of Fish and Fish Offal for Oil and Meal Manufacture. 
Torry Technical Paper No. 2. 

(26) GRAU, C. R., OUSTERHOUT, L. E., LUNDHOLM, B. C., and 

KARRICK, N. L. (1959). Progress on investigations of 
nutritional value of fish-meal protein. Commercial 
Fisheries Review, 21 (2a), 1 . 

(27) SHIFRINE, M., OUSTERHOUT, L. E., GRAU, C. R., and 

VAUGHN, R. H. (1959). Toxicity to chicks of histamine 
formed during microbial spoilage of tuna. Applied 
Microbiology, 7, 45. 

(28) WILLMER, J. S. (1956). The biological evaluation of 

South African fish meals. Ninth Annual Report of the 
Fishing Industry Research Institute (South Africa), 
32. 

(29) TARR, H. L. A., BIELY, J., and MARCH, B. E. (1954). The 

nutritive value of herring meals. 1 . The effect of heat. 
Poultry Science, 33, 242. 

(30) PITT, NORMAN (1951). Drying in fish meal reduction 

plants. Fish Meal and Oil Industry, 3 (12), 6. 

(31) GRAU, C. R., and WILLIAMS, M. A. (1955). Fish meals as 

amino acid sources in chick rations. Poultry Science, 
34, 810. 

(32) CLANDININ, D. R. (1949). The effects of methods of 

processing on the nutritive value of herring meals. 
Poultry Science, 28, 128. 



(33) TARR, H. L. A., BISSET, H. M., SOUTHCOTT, B. A., 

BIELY, JACOB, and MARCH, B. E. (1951). The nutritive 
value of fish meal and condensed fish solubles. H. 
Effect of heat on herring meals. Progress Reports of 
the Pacific Coast Stations, Fisheries Research Board of 
Canada, 87, 42. 

(34) BISSET, H. M., and TARR, H. L. A. (1954). The nutritive 

value of herring meals. 2. Effect of heat on availability 
of essential amino acids. Poultry Science, 33, 250. 

(35) BOGE, GJERMUND (1960). Amino-acid composition of 

herring (Clupea harengus) and herring meal. Destruc- 
tion of amino acids during processing. Journal of the 
Science of Food and Agriculture, 11, 362. 

(36) BIRD, H. R. (1959). Studies on effect of processing and 

storage on the content of unknown growth factors in 
fish meal. Commercial Fisheries Review, 21 (2a), 4. 

(37) BIELY, JACOB, MARCH, B. E., and TARR, H. L. A. (1952). 

The nutritional value of fish meal and condensed fish 
solubles. IV. A comparison of herring meals made 
by drying herring press cake commercially and 
experimentally at a lower temperature. Progress 
Reports of the Pacific Coast Stations, Fisheries 
Research Board of Canada, 90, 10. 

(38) TARR, H. L. A. (1952). Ibid. V. The vitamin B 12 content 

of herring meals. Ibid., 90, 14. 

(39) BIELY, J., MARCH, B., and TARR, H. L. A. (1952). The 

effect of drying temperatures on the folic acid content 
of herring meal. Science, 116, 249. 

(40) AURE, L., BAKKEN K., and JFBSEN, J. W. (1952). Investi- 

gation of Herring Meal Quality after Drying by 
Different Methods. Reports on Technological 
Research Concerning Norwegian Fish Industry, 2, 
No. 8. 

(41) TARR, H. L. A., BIELY, J., and MARCH, B. E. (1954). The 

nutritive value of herring meals. I . The effect of heat . 
Poultry Science, 33, 242. 

(42) KARRICK, N. L., and STANSBY, M. E. (1954). Vitamin 

content of fishery products. Part I. Effect of proces- 
sing methods on riboflavin, nicotinic acid, and vitamin 
B 12 content of solubles and meal. Commercial 
Fisheries Review, 16 (2), 7. 

(43) BIELY, JACOB, MARCH, B. E., and TARR, H. L. A. (1951). 

The nutritive value of fish meal and condensed fish 
solubles. III. Effect of heating fat-containing and 
hexane-extracted meal. Progress Reports of the 
Pacific Coast Stations, Fisheries Research Board oj 
Canada, 89, 79. 

(44) DREOSTI, G. M., and ROWAN, A. N. (1956). The self- 

heating of fish meal. Tenth Annual Report of the 
Fishing Industry Research Institute (South Africa), 
26. 

(45) DREOSTI, G.M., and Row AN, A. N. (1957). Spontaneous 

heating of fish meal. Eleventh Annual Report of the 
Fishing Industry Research Institute (South Africa), 
39. 

(46) DREOSTI, G. M., and ROWAN, A. N. (1958). Spontaneous 

heating of fish meal. Twelfth Annual Report of the 
Fishing Industry Research Institute (South Africa) 
28. 

(47) KYTE R. M. (1957). Bulk handling of Alaska herring 

meal. Commercial Fisheries Review, 19 (5), 9. 

(48) MILLEVILLE, H. P., STUCKEY, B. N., and GEARHART, 

W. M. (1957). Increasing shelf life of fat-containing 
foods. Food Processing, 18 (5), 54. 



308 



Effect of Processing on Value for Animal Nutrition 



(49) MEADE, THOMAS L., and MC!NTYRE, R. T. (1957). 

Relation of residual oil and menhaden fish meal 
quality. Proceedings of the Gulf and Caribbean 
Fisheries Institute, 10, 86. 

(50) EVANS, ROBERT J., CARVFR, J. S., and HAMM, WILLIAM S. 

(1944). The influence of storage on the supplementary 
protein nutritive value of certain fish meals. Poultry 
Science, 23,491. 

(51) BIELY, J MARCH, B. E., and TARR, H. L. A. (1955). 

Nutritive value of herring meals. 3. The effects of 
heat treatment and storage temperature as related to 
oil content. Poultry Science, 34, 1274. 

(52) OUSTERHOUT, L. E., GRAU, C. R., and LUNDHOLM, B. D. 

(1959). Biological availability of amino acids in fish 

meals and other protein sources. Journal of Nutrition, 

69,65. 
<53) IEA, C. H., PARR, L. J., and CARPENTER, K. J. (1958). 

Chemical and nutritional changes in stored herring 

meal. British Journal of Nutrition, 12,297. 
<54) ALMQUIST, H. J.(1956). Changes in fat extractability and 

protein digestibility in fish meal during storage. 

Journal of Agricultural and hood Chemistry, 4, 638. 
(55) ROWAN, A. N. (1956). The effect of prolonged heating 

on various nutritive factors in fish meal. Tenth 

Annual Report of the Fishing Industry Research 

Institute (South Africa), 28. 



(56) LAKSESVELA, B. (1958). Protein value and amino-acid 

balance of condensed herring solubles and spon- 
taneously heated herring meal. Chick experiments. 
Journal of Agricultural Science, 51, 164. 

(57) MARCH, B. E., BIELY, J., GOUDIE, C., CLAGGETT, F., and 

TARR, H. L. A. (1961). The effect of storage tempera- 
ture and antioxidant treatment on the chemical and 
nutritive characteristics of herring meal. The Journal 
of the American Oil Chemists' Society, 38, 80. 

(58) OSHIMA, KOKICHI, and SUGAWARA, TATSURO (1936). The 

cause of the decrease of the ether extract in fish meal 
during storage. Journal of the Agricultural Society of 
Japan, 12, 1152. 

(59) CREAC'H, P. (1954). Fish meal -nutritive value. Bulletin 

(^information et de documentation de rinstitut scien- 
tifique et technique des peches mart times (Paris), 1, 6. 

(60) MACLEOD, ROBERT A. (1959). Condensed fish solubles. 

A review of its preparation and properties. Journal of 
the Fisheries Research Board of Canada, 16, 685. 

(61) MARCH, B. E., BIELY, J., MCBRIDE, J. R., IDLER, D. R., 

and MACLEOD, R. A. (1961). The protein nutritive 
value of "liquid herring" preparations. Journal of the 
Fisheries Research Board of Canada, 18, 113. 




These pictures are of the same pig. The top one shows the pig at 242 days old after receiving 
only the controlled ration since birth. It was prostrate owing to instability of its limbs. 
It appeared to be blind and growth was very sub-normalonly -5 Ib. per day. The bottom 
picture shows the same animal 48 days later after receiving 2% marine fish oil (cod liver 
oil) with the controlled ration. It was then normal apart from its awkward stance. The 
growth rate had increased to 1-21 Ib. per day. Photo by courtesy of British Cod Liver Oils 

(Hull and Grimsby) Ltd. 
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THE BINDING OF LYSINE IN HERRING PRESS-CAKE 
HEATED UNDER CONTROLLED CONDITIONS 

by 
K. J. CARPENTER and C. H. LEA 

Occasional samples of herring meal show a reduced protein quality and a low content of lysinc "available" to react with fluorodinitro- 
benzene. This binding of lysine E-amino groups is usually attributed to overheating caused by lipid oxidation during storage. With tempera- 
ture control lipid oxidation caused only slight lysine binding over long periods of storage (Lea, Parr and Carpenter, Brit. J. Nutr., 14, 91 
(I960)). 

Freeze-dried press-cake of 9 per cent moisture content lost 50 per cent of its available lysine on heating for 27 hours at 130. At 
other moisture contents between 4 and 50 per cent, binding was still over 35 per cent; but in material dried over P 2 O& it was reduced to 
15 per cent. Approximately equivalent damage resulted from 4 hours at 145, 10 hours at 130 or 27 hours at 115. Since prior extraction 
with chloroform-methanol was without effect on the binding produced by heat, lipids play no part in the high-temperature lysine-binding 
reaction. 

Tarr (Fisheries Res. Bd. Canada, Circular No. 24 (1960) ) drew attention to the presence of ribose compounds in fish meals, and 
concluded that Maillard (carbonyl-amine) reactions are largely responsible for the damaging effects of overheating. However, the present 
results are not in keeping with the known characteristics of such reactions; and model experiments on a pure protein, heated with and without 
small quantities of ribose, suggest that most of the binding is due to cross-linking between groups within the protein molecules. 

LA FIXATION DE LA LYSINE DANS LE GATEAU DE PRESSE DE HARENG 
CHAUFFE SOUS CONDITIONS CONTROLLEES 

On observe parfois, sur certains echantillons de farine de hareng, une diminution de la qualite proteique et une basse teneur en lysine 
"disponible" susceptible de reagir avcc le fluorodinitrobenzene. Cette fixation dcs groupes E-amines dc la lysine est attribute d'habitude a 
une surchauffe due a Foxydation des lipides durant I'cntreposage. Avec un controle de la temperature, 1'oxydation des lipides n'entraine 
qirune faible fixation de la lysine durant de longues periodes d'entreposage (Lea, Parr ct Carpenter, Brit. J. Nutr.. 14, 91, 1960). 

Du gateau de presse cryo-dessech6 a 9% de teneur en eau perd 50% de sa lysine disponible par une chauffc dc 27 heures a 130' . 
Four d'autres teneurs en eau allant de 4 a 50 %, la fixation depassait encore 35 " ; mais pour du materiel scene sur P a O 5 ,elle 6tait rcduite a 
15%. Des dommages a peu pres equivalents apparaissaient avec des chauffes de 4 heures a 145, de 10 heures a 130 ou de 27 heures a 1 15 l . 
Etant donne qu'une extraction preliminaire a Facool methylique chloroform^ etait sans effets sur la fixation produilc par la chaleur, les lipides 
ne jouent aucun role dans la reaction de fixation de la lysine a haute temperature. 

Tarr (Fisheries Res. Board Canada, Circular No. 24, 1960) a port6 son attention sur la pr6sence de compos6s du ribose dans les 
farines de poisson ; il est arrive a la conclusion que les reactions de Maillard (carbonyle-amine) sont largement responsables des dommages 
resultant de la surchaurfe. Cependant, les resultats actuels ne sont pas en accord avec les caracteres conn us de ces reactions; ct les experiences 
types sur une proteine pure, chauffee avec ou sans de pctites quantites de ribose, amenent a croire que al reaction de fixation est due principalc- 
ment a des liaisons croissees entre groupes a 1'interieur des molecules de proteines. 

LA LIGAZON DE LISINA EN LA TORTA DE PRENSA DE ARENQUE 
CALENTADA EN COND1CIONES REGULADAS 

De vez en cuando se encuentran muestras de harina de arenque en las que se observa una proteina dc calidad reducida y un bajo 
contenido de lisina "disponible" para reaccionar con el fluorodinitrobenceno. Esta Iigaz6n de grupos lisina E-amino se atribuye generalmente 
a calcntamiento excesivo causado por oxidaci6n de los lipidos durante el almacenamiento. Rcgulando la temperatura, la oxidaci6n de los 
Hpidos caus6 solamentc una ligera Iigaz6n de lisina durante largos periodos de almacenamiento (Lea, Parr y Carpenter, Brit. J. Nutr. % 14, 
91 (I960)). 

La torta de prensa criodesccada con un contenido de humedad de 9% perdib el 50% de su lisina disponible al calentarla durante 
27 horas a 130. A otros contenidos de humedad entre 4 y 50%, la ligazbn era todavia superior al 35%. Pero en material seco sobre P 2 O R 
se redujo a 15%. Se produjeron daftos aproximadamente equivalentes calentando durante 4 horas a 145; 10 horas a 130 CJ 6 27 horas a 115 C . 
Como la extraccion previa con cloroformo metanol no tenia efectos en la ligazdn producida por el calor, los lipidos no intervienen en la 
reacci6n a elevada temperatura que liga la lisina. 

Tarr (Fisheries Res. Bd. Canada, Circular No. 24 (I960) ) puso de relieve la presencia de compuestos de ribosa en harinas de pescado, 
y Ilcg6 a la conclusi6n de que las reacciones Maillard (carbonilo-amina) son las principals causantes de los efectos perjudiciales del sobre- 
calentamiento. Sin embargo, estos resultados no concuerdan con las caracteristicas conocidas de tales reacciones; y los experimentos modelo 
con una proteina pura calentada con pequefias cantidades de ribosa y sin el la, indican que casi toda la ligazbn sc debe a enlaces cruzados 
entre grupos dentro de las moleculas de proteina. 
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While thousands of tons of high quality herring meal are made in the modern factories of highly developed 
countries, the people in less fortunate areas arc obliged to do the best they can with primitive methods. Illus- 
tration shows this herring-like fish being sun-dried on the coast of Pakistan ready for export. FAO has suggested 
that the residue of this fish be made into fish meal to improve the diet of the poultry in the country. 
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PROBLEMES SOULEVES PAR I/UTILISATION DES FARINES 
DE POISSON POUR L'ALIMENTATION DES ANIMAUX 

par 
A. M. LEROY 

La crise actuelle dont se plaignent les producteurs dc farines de poisson cst due d'abord a 1'extension relativcment recentc des 
fabrications de ces aliments, a la concurrence que leur font d'autres prod u its d'originc animale ou vdgetale riches en acides amines fonda- 
mentaux, ainsi qu'aux difficultes eprouvees par les fabricants d'aliments composes 5 se procurer des farines d'une bonne qualit6 constante. 

Les deTectuosites de nombreuses farines de poisson commerciales pcuvent provenir d'un degr6 d'humidite trop 61eve, ce qui favorise, 
au cours de leur conservation, des alterations de caractere chimique ou microbien. 

Des teneurs trop elevees en matieres minerales et en matieres grasses sont incompatibles avec des apports de nutriments azotes 
suffisammcnt Sieves. 

D'autre part, des errcurs dans le traitemcnt de ces marchandises, notamment des temperatures trop elevees pendant le sechage, 
peuvent faire disparaitre partiellement les acides amines fondamentaux disponibles, qui constituent les materiaux les plus utiles recherches par 
les utilisatcurs. 

Au fur et & mesure de nos connaissances, la qualit d'une farine de poisson peut s'apprecier par un certain nombre de tests de 
nature chimique ou biologique. Parmi les tests chimiques, le dosage dc I'humiditd, des matieres minerales solubles et insolubles dans Tacide 
chlorohydrique, de Fazote total et de Textrait ethcre posent des problemes de normalisation, afm d'arriver a ce que les rdsultats obtenus dans 
des laboratoires different* puissent etre comparables. 11 en cst de meme de la determination de la tencur en azote ammoniacal. 

En ce qui concerne les tests biologiques, la teneur des produites en matieres azotees solubilisables par la pepsine chlorhydriquc, la 
teneur en Jysine disponible d'apres le test de Carpenter ou par I'emploi de tous procedes efficaces ayant le meme objectif, d'une part, ainsi que 
la numeration bact6rienne pour un poids donne de substance, compldtee par la recherche systematique des gcrmes dangercux du genre 
salmonella, d'autre part, devraicnt faire Tobjet de determinations cffectuees avcc 1'aide de methodes egalemcnt normalises. 

Enfin, la recherche de la presence dventuelle d'amines toxiques, comme la thyramine et I'histamine, protcgcrait les usagers contre 
des defauts graves capables d'entrainer, meme a tres faible dose, des accidents particulierement dangereux. 

PROBLEMS RELATED TO THE UTILIZATION OF FISH MEAL 
IN ANIMAL NUTRITION 

The current crisis affecting fish-meal producers is due in the first place to the relatively recent increase in the number of factories 
producing this commodity, to the competition they are meeting from other animal or vegetable products with a high amino acid content and, 
lastly, to the difficulties experienced by manufacturers of compound feeds in obtaining meals of consistently good quality. 

Many commercial fish meals may be poor, due to excessive humidity which gives rise to chemical or microbial changes during storage. 
Too high mineral and fat contents are incompatible with the desired protein levels. 

Again, faulty handling, especially overheating in the course of drying, may spoil the available essential amino acids, which are what 
users of fish meal look for. 

Insofar as we know, it is possible to assess the quality of a fish meal by a number of chemical or biological tests. Among the former, 
tests for moisture content, minerals soluble or insoluble in hydrochloric acid, total nitrogen and ether extraction give rise to problems of 
standardization. For standardization is what is necessary if the findings obtained in different laboratories are to be comparable. The same 
applies to the determination of ammonia nitrogen. 

As regards biological tests, those for the content of nitrogen soluble in hydrochloric pepsin and for available lysine (Carpenter test 
or any other efficient method for the same purpose), and bacterial counts supplemented by systematic tests for Salmonella pathogens should 
themselves be standardized. 

Finally, tests for the possible presence of toxic amines (e.g. tyramine and histamine) would guarantee protection to users against 
serious defects under this head which would otherwise, even with small amounts, have highly dangerous results. 

PROBLEMAS RELAC1ONADOS CON EL EMPLEO DE HARINA DE PESCADO 
EN LA ALIMENTACION DE LOS AN1MALES 

La crisis actual de que se iamentan los productores de harina de pescado se debe, en primer lugar, a la ampliaci6n relativamente 
reciente de la fabricacion de este producto, a la concurrencia de otros productos de origen animal o vegetal con un elevado contenido de 
aminoacidos esenciales, asi como a las dificultades encontradas por los fabricantes de alimentos compuestos para obtener harinas de una 
buena calidad constante. 

Los defectos de muchas harinas dc pescado comcrciales pueden deberse a un exceso de humedad que durante el almacenamiento 
favorece las alteraciones de caracter quimico o microbiano. Contenidos demasiado elevados de minerales y grasas son incompatibles con 
concentraciones suficientemente altas de proteinas. 

Por otra parte, los errores en el tratamiento, particularmentc las tempera turas demasiado elevadas durante la desecacibn, pueden 
pcrjudicar los aminoacidos esenciales disponibles, que son para los usuarios las materias mas importantes. 

Con nuestros conocimientos actuates, la calidad de una harina de pescado se puede determinar por medio de varies ensayos quimicos 
o bio!6gicos. Entre los primeros, la determinaci6n del contenido de humedad, de los minerales solubles e insolubles en acido clorhidrico, del 
nitrogeno total y de los extractos etereos presentan problemas de normalizaci6n que tienen que setf resueltos para que los resultados obtenidos 
en diferentes laboratories puedan ser comparables. Ocurre lo mismo en la determinaci6n del contenido de nitrbgcno amoniacal. 

En cuanto a los ensayos bio!6gicos, los empleados para determinar las materias nitrogenadas solubles por la pepsina clorhidrica, 
la lisina disponible aplicando el ensayo de Carpenter o por cualquier otro procedimiento eficaz que tenga el mismo objetivo, asi como los 
recuentos bacterianos complementados por la investigaci6n sistematica de germenes pcligrosos del gdnero Salmonella, deben ser objeto de 
determinaciones efectuadas mediante mctodos igualmente normalizados. 

Finalmente, la investigaci6n de la posible existencia de aminas t6xicas (por ejemplo, tiramina e histamina) protegerian a los usarios 
dc defectos graves capaces de producir, aun en dosis muy pequefias, accidentes muy peligrosos. 
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Problems in Using Fish Meal for Animals 



EXTENSION croissante de la production porcine 
et de Faviculture, et surtout les progrfes techniques 
apports & ces elevages par la vulgarisation de 
nouvelles connaissances en mattere de nutrition et de 
genetique, a entraine une demande de plus en plus grande 
de produits d'origine animale. Les teneurs elevees en 
matieres azotSes de ces aliments, ainsi que Fequilibre de 
leur composition en acides amines essentiels, leur richesse 
en vitamines et surtout la presence parmi ces dernieres de 
la vitamine B 12 , tr6s rare dans les aliments d'origine 
vegetale, les rendent indispensables lorsqu'il s'agit 
d'obtenir des porcelets et des poulets une croissance en 
rapport avec les possibilites hereditaires de ces derniers. 
Parmi ces aliments privilegies, les farines et les autolysats 
de poisson meritent une place & part, parce qu'ils 
proviennent de materiaux excedentaires qui ne sauraient 
etre utilises directement par les humains, tels que les 
poissons non commercialisables ou les dechets resultant 
de certaines preparations (comme, par exemple, celle des 
filets de poisson). 

La presence dans ces produits d'un ou de plusieurs 
facteurs non encore identifies, capables d'am61iorer la 
rapidite de croissance des cellules animales, est un 
argument supplemental en faveur de leur emploi. 

D'une maniere generate, les produits provenant du 
poisson ne sont pas utilises directement par les eleveurs. 
Ces materiaux sont incorpores dans des melanges 
cquilibres, a base de substances vegtales enrichies de 
matieres minerales et de vitamines. Une Industrie en 
progr&s constant, cclle des aliments composes destines & 
{'alimentation animale, fait appel & ces materiaux pour 
ameliorer 1'efficacite de ses multiples specialites. Pour les 
jeunes animaux de toutes les esp&ces, les truies nourrices 
et les poules pondeuses, il est admis que les rations 
journalieres distributes doivent contenir, par rapport 
a la matiere s6che, de 16 & 22 % de matures azotees 
brutes. Or, parmi ces dernieres, la theorie et la pratique 
s'accordent pour reconnattre que les proteines d'origine 
animale doivent figurer pour un tiers, ce qui explique 
pourquoi les farines de poisson (et leurs concurrentes, les 
farines de viande) peuvent etre assurees dans 1'avenir d'un 
marche en forte extension. 

D'apr&s leur origine, c'est-^-dire d'apres la nature des 
poissons ou ddchets de poisson utilises, d'aprfes 1'dtat de 
fralcheur de ces produits au moment de leur traitement, 
et aussi d'aprfcs le moment de l'anne oCi les poissons ont 
te retires dc la mer, les conditions d'utilisation des 
farines de poisson peuvent varier d'un chantillon & 
1'autre. Les modalites du traitement de ces farines pour 
assurer leur conservation viennent encore accroitre les 
causes de ces variations. Or, si les produits de bonne 
qualit^ peuvent etre utilises sans danger d'une maniere 
economique, il n'en est pas de meme de ceux d'entre eux 
dont la valeur alimentaire insuffisante, ou (ce qui est plus 
grave encore) la presence de produits d'alteration sus- 
pects risquent de porter atteinte la bonne reputation des 
melanges dans lesquels elles ont ete incorpor6es. C'est en 
grande partie pour cette raison que 1'apparition sur les 



marches europens de farines d'une insuffisante qualite a 
entraine un desequilibre entre les offres et les demandes 
de ces produits, accompagne par une baisse catastro- 
phique des cours. 11 est du devoir des fabricants de farines 
de poisson de bien connaitre les causes de modification de 
la composition chimique des matieres premieres dont ils 
se servent, et de rechercher les moyens les plus econo- 
miques de les eviter. 

Dans une farine de poisson, on remarquc d'abord la 
presence de matieres azotees. Les unes sont hydro- 
solubles, et peuvent donner aisement naissance a un 
degagement d'ammoniac. Les autres, formees d'un 
melange d'acides amines parmi lesquels se trouvent les 
corps les plus essentiels, comme la lysine, les acides 
amines soufres (cystine et methionine) et le tryptophane, 
proviennent, soit des tissus musculaires des poissons, soit 
du squelette de ces derniers. Les proteines des os et des 
ecailles sont accompagnees d'une forte quantite de 
matures minerales, parmi lesquelles dominent le calcium 
et le phosphore. 

Puisque la matiere azotee des farines de poisson 
represente la partie la plus appreciee par 1'acheteur, un 
tel aliment sera d'autant mieux recherche qu'il contiendra 
par rapport & 1'azote qu'il renferme, moins de matieres 
minerales. Or, les poissons de petite taille, tels que les 
sardines et les menhadens* renferment proportionnelle- 
ment plus d'aretes et plus d'ecailles que les gros poissons, 
comme les saumons, les thons, les squales, etc. Les 
farines qui proviennent des premiers fournissent, pour 
cette raison, plus de cendres que celles des autres et sont, 
& poids egal, un peu moins riches en materiaux ener- 
getiques. 

Selon 1'origine des poissons traites, la teneur en matiere 
azotee des produits obtenus peut varier entre 50 et 90%. 
Ce taux de matiere azotee est en relation avec les teneurs 
correspondantes en matteres grasses. Les poissons gras 
ont tendance, pour cette raison, & fournir des farines 
moins riches en azote que les poissons maigres. 

La teneur en matieres grasses des poissons est en 
relation avec la plus ou moins grande abondance du 
plancton marin, dont ces animaux se nourrissent. Pour 
cette raison, toutes les circonstances qui font varier la 
teneur des fonds marins en plancton excrcent une 
influence sur la teneur en lipides des farines. Parmi ces 
lipides, les acides gras insatures, & point de fusion peu 
eleve, pr&iominent. Leur proportion relative, par 
rapport & la masse lipidique totale, est d'environ 75%. 
Les plus nombreux d'entre eux sont des corps en C 20 et 
C 22 . Malgre la presence parmi ces derniers de corps qui 
exercent une action vitaminique favorable, leur excfes doit 
6tre regarde comme un srieux inconvenient, parce qu'il 
poss&de un effet dpressif sur la fonction laiti&re des 
femelles d'animaux domestiques. 

D'autre part, les farines exagerement grasses peuvent 
neutraliser partiellement les vitamines A et E des 



* Le menhaden est un poisson de petite taille pch au voisinagc 
de la cote atlantique des U.S.A. 
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melanges alimentaires dans lesquels elles sont incorporees, 
et se trouver & 1'origine d'accidents de carences vita- 
miniques, qui peuvent avoir sur les jeunes animaux 
d'assez graves consequences. Des dystrophies mus- 
culaires, par insuffisance de vitamine E, ont ete souvent 
observees chez les poussins & la suite de la consommation 
de farines de poisson contenant de 20 a 24% dc lipides 
distributes en trop fortes quantites. 

Comme nous le verrons plus loin, la conservation en 
bon etat des farines de poisson pendant leur stockage est 
d'autant plus difficile a obtenir que ces dernieres con- 
tiennent une plus forte quantite d'huile. 

Enfin, c'est dans la fraction grasse que se trouvent des 
matieres odorantes & odeur et saveur desagreables, qui 
peuvent traverser la paroi digestive des animaux et donner 
leur chair des defauts aisement decelables, s'exacerbant 
au cours de la cuisson. 

Pour toutes ces raisons, en depit de la valeur ener- 
getique elevee des lipides, il est toujours recommandable 
de degraisser par pression a chaud ou par Faction de 
dissolvants appropries les produits de poisson destines a 
la consommation animale, en sacrifiant ainsi une 
importante quantite de materiaux calorifiques aisement 
metabolisables. 

Apres cet examen sommaire de la composition des 
farines de poisson, il nous faut etudier les alterations 
qu'elles risquent de subir, au detriment de leur efficacite 
nutritive, soit pendant leur preparation, soit au cours de 
leur stockage. 

Alteration eventuelle des proteines 

(a) Alteration avant le traitement. Lorsque les poissons 
demeurent trop longtemps hors de Teau avant d'etre 
traites, la putrefaction de leurs cadavres progressc 
d'autant plus rapidement que la temperature exterieure 
est plus elevee. 11 est possible de ralentir cette cause 
d'alteration par Temploi de glace, par 1'usage prudent de 
faibles quantites de nitrite de soude ou par les deux 
precedes & la fois; mais, en tout etat de cause, la bonne 
qualite d'une farine de poisson depend du raccourcisse- 
ment du delai entre Tinstant de la peche et la mise en 
fabrication de la matiere premiere. Les farines ayant subi 
un commencement de putrefaction, facilement decelables 
par leur mauvaise odeur, renferment des amines toxiques, 
comme la tyramine et surtout 1'histamine, qui peuvent 
etre dosees par une methode biologique appropriee. 

La tyramine, qui provient de la decarboxylation du 
tryptophane, et I'histamine, engendree par la desamina- 
tion de Fhistidine, sont des poisons violents, que les 
traitements subis pour transformer les poissons en farine 
ne sont pas capables d'eltminer. L'histamine, en raison 
de son action vasodilatatrice et des chocs anaphylactiques 
qu'elle entraine, est la plus & redouter. 

(b) Alterations au cours de la dessiccation. Lorsque les 
dechets de poisson sont soumis a des temperatures trop 
eievees pendant leur dessiccation, la prot&ne qu'ils 
contiennent, bien que toujours presente en m6me 



quantite, subit des transformations mole"culaires qui 
risquent de reduire fortement son efficacite nutritive. 

Le mecanisme d'action de la chaleur peut s'exercer de 
deux manieres. En premier lieu, un traitement trop 
brutal risque de coaguler certaines proteines, et les rendre 
partiellement resistances & leur attaque par les sues 
digestifs des animaux. Ainsi peut s'expliquer la diminu- 
tion de digestibilite de la matiere organique, qui peut 
s'abaisser ainsi de 90% (cas d'une tres bonne farine), & 
moins de 80%. 

En second lieu, certains acides amines peuvent tre 
touches par la chaleur; et tout en conservant leur struc- 
ture moleculairc, ils sont rendus inutilisables par les 
animaux, parce que leurs groupements biologiquement 
actifs demeurent engages dans des liaisons peptidiques 
enzymo-resistantes. La lysine et les acides amines soufres 
sont particulierement sensibles ces modifications, ce qui 
les empeche de jouer leur role. 

En raison de Tinfluence de cette action sur 1'efficacite 
biologique des farines, des precautions doivent etre prises 
par les industriels pour Teviter. 

L'experience a montre que le sechage & la flamme, en 
four rotatif, pourrait etre effectue sans danger a la 
condition essentielle que la temperature de la masse en 
cours de sechage ne depasse pas, en aucun cas, 160 f et 
que la duree du traitement soit inferieure a 60 minutes. 
Mais le sechage sous vide, a la vapeur, est de beaucoup 
preferable, parce qu'il ne porte aucune atteinte aux 
qualites biologiques de la matiere premiere initiale. 

Le traitement par voie humide, qui possede Tavantage 
de permettre d'enlever Texces de graisse, est ordinaire- 
ment suivi d'un passage & la presse, lequel, en eliminant 
avec les jus de pression les matieres azotees solubles, 
accroit Tefficacite des protides qui demeurent dans la 
farine. Plur cette raison, une farine pressee est done plus 
efficace qu'une autre farine ayant la meme teneur en azote, 
mais qui n'a pas etc soumise a ce traitement. 

Certaines especes de poissons, et notamment les 
squales, contiennent en eflfet une certaine fraction de leur 
azote sous forme ureique, dont la valeur alimentaire pour 
les pores et les volailles est pratiquement negligeable. 

(r) Alteration au cours du stockage. Les mauvaises 
conditions de stockage peuvent alterer plus ou moins 
profondement Jes proprietes physiques, chimiques et 
biologiques des farines animates. En fonction du temps, 
en presence d'humidite et & temperature elevee, une partie 
des materiaux nutritifs de Taliment s'insolubilise et ce 
phenomne s'accompagne d'une modification de la 
couleur du produit, qui prend une teinte brune. 

Les acides amines sont egalement modifies, par 
amputation d'une partie de leurs groupements NH 2 , ce 
qui ne leur permet plus de servir d'apport azote a 
1'animal. Tel est le cas, notamment, de 1'arginine, de la 
cystine et de la leucine. On observe aussi des pertes de 
vitamines, notamment d'amine nicotinique. 

Lorsque les farines trop humides ont ete manipulees 
sans precaution, ce qui leur fait subir des contaminations 
microbiennes, des alterations avec formation d'amines 
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toxiques peuvent les rendre fort dangereuses. Pour cette 
raison, une dessiccation poussee de manifere & ne laisser 
dans les farines qu'une quantite d'eau inftrieure 10% 
est indispensable & 1'obtention de farines de bonne qualite 
pouvant se conserver dans de bonnes conditions. 

Alteration ventuelle des matieres grasses 

L'effet du stockage sur les matures grasses est egalement 
nuisible. La formation de produits oxyd6s fait apparaitre 
le goflt de ranee, ainsi que des substances dont 1'odeur 
desagreable risque de deprimer 1'appetit des animaux. 

D'autre part, 1'huile qui impr&gne les farines in- 
suffisamment d^graissees possfede une grande surface 
d'etalement. Son contact avec Tair donne d'abord des 
peroxydes; puis les acides gras se fragmentent en 
molecules moins condensees, ce qui augmente & mesure 
que le temps s'ecoule le taux d'acidite des farines, 
mesurable par les methodes classiques. 

Les peroxydes formes alt6rent les vitamines. Le taux 
de biotine, par exemple, present dans un melange 
compose, dans lequel on vient d'introduire une farine de 
poisson trop riche en huile, peut diminuer de 20% en 24 
heures. Le taux de vitamine A peut egalement subir une 
reduction sensible, si le proccde de stabilisation que Ton 
a utilise pour la proteger rTest pas parfaitement au point. 

Pour cviter ces inconvenients, il faut laisser dans les 
farines le moins de matidre grasse possible. 

II faut refroidir le plus rapidement et dans la plus 
grande mesure possible la farine apres dessiccation, afin 
de raccourcir au maximum le delai pendant lequel le 
produit se trouve dans les conditions de temperature les 
plus favorables aux phenomfenes d'oxydation precites. 
D'autre part, le stockage devra toujours etre effectue dans 
un local frais et sec. 

Afin d'eviter dans une certaine mesure le rancissement 
au cours de la conservation, Taddition aux melanges 
alimentaires de substances antioxydantes est possible et 
tres recommandable, & la condition formelle que ces 
matieres possdent pour les humains une parfaite 
inocuite. 

Inconvenients d'un exces de matieres minrales 

Les bonnes farines de poisson ne doivent contenir que 
des matures minerales provenant des animaux marins, & 
Texclusion de toutes autres substances. Certaines farines 
de crustaces, comme les farines de crabes, donnent & 
Tincineration des quantites de cendres beaucoup plus 
grandes que la moyenne, qui proviennent d'un excds de 
carbonate de calcium. Dans ce cas, le rapport du calcium 
au phosphore est trop eleve, et les farines de ce genre sont 
comparables & une farine de viande osseuse que Ton 
aurait comp!6te par du calcaire broye. 

Parfois, il est fait usage de sel marin pour conserver les 
poissons jusqu'au moment de leur dessiccation. Cette 
addition donne aux farines obtenues des proprietes 
hygroscopiques, et risque de tromper 1'acquereur en lui 
faisant payer trop cher un produit qu'il peut obtenir & 
meilleur compte. Pour cette raison, le dosage des 



chlorures dans les farines est une operation indispensable; 
car elle permet de mettre en evidence une anomalie, que 
les vendeurs ne devraient pas cacher sous peine d'etre 
& juste titre soupQonnes de fraude. 

La dessiccation des poissons au soleil, a meme le sol, 
est un precede primitif qui donne des produits de qualite 
inferieure. Tr6s souvent, ces farines contiennent du sable, 
qui provient, soit de 1'aire de sechage, soit d'un apport 
par le vent. En raison du danger que presenterait le 
melange frauduleux de tels produits & des farines obtenues 
par dessiccation artificielle, la recherche des cendres 
insoluble* dans 1'acide chlorhydrique bouillant peut 
mettre en evidence Texistence de matures terreuses 
anormales dans les farines offertes aux acheteurs. 

Preparation, composition et utilisation des autolysats de 
poisson 

Lorsque Ton laisse macerer des dechets de poisson & 
1'etat vert, c'est-a-dire en presence de leur eau de constitu- 
tion, en les additionnant de sel marin pour obtenir une 
saumure, des fermentations de nature enzymatique se 
produisent dans la masse, qui change d'aspect en se 
liquefiant. 

Depuis longtemps, des produits de ce genre sont 
couramment utilises comme condiments dans 1'alimenta- 
tion humaine, notamment en Extreme Orient. La teneur 
en humidite de ces produits est assez variable, et depasse 
souvent 50%. Leur aspect physique ressemble a celui 
d'un sirop epais comparable a la melasse, ce qui rend 
assez difficile leur incorporation dans les melanges 
alimentaires solides, lorsque Ton ne dispose pas d'un 
appareillage approprie. 

On peut obtenir aussi des autolysats de poisson & partir 
de produits solubles, resultant du pressage de la pulpe de 
poisson en cours de degraissage. 

D'apres les analyses qui ont ete entreprises jusqu'& ce 
jour, les teneurs en acides amines des autolysats de pois- 
son, rapportees & 16 grammes d'azote (c'est-jk-dire 
sensiblement a 100 grammes de matiere azotee brute) 
sont nettement plus faibles que celles des farines propre- 
ment dites, ce qui peut s'expliquer par la disparition de 
ces acides amines sous des influences enzymatiques. 

En particulier, les pertes d'arginine et de lysine peuvent 
atteindre et meme ddpasser 50% des teneurs initiales. 

Cependant, en depit de cette reduction, qui peut 
influenccr defavorablement 1'efficacite prot&que des 
produits, leur incorporation a faible dose, dans une 
farine de poisson de bonne qualite, peut ameliorer 
sensiblement 1'effet de cette dernidre sur la croissance des 
poulets, sans doute par son action benefique sur 1'appetit 
de ces animaux et par la presence de substances vita- 
miniques dont la composition chimique n'a pas encore 
6te identifiee. 

II existe dans les visceres des poissons, qui sont 
integralement contenus dans les autolysats, une 
thyaminase, dont 1'efiet est d'agir sur la vitamine B l en la 
transformant de telle mani&re qu'elle devient incapable 
de jouer son role. Cest ik cette thyaminase qu'il faut 
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attribuer Teffet desastreux (Tune alimentation exclusive- 
ment composee de poissons crus sur les animaux a 
fourrure. Pour cette raison, Temploi pour la fabrication 
des aliments composes de ces autolysats doit etre effect ue 
avec precaution et accompagne soit d'une addition de 
levure sfeche, produit riche en vitamines hydrosolubles, 
soit de vitamine antinvritique synthetique. 

Comment reconnaitre une farine de bonne qualite 

Pour les fabricants de produits destines & Talimentation 
animale, le choix d'une farine de poisson destinee a etre 
incorporee dans les melanges destines aux jeunes animaux 
est une operation delicate, en raison de la tres grande 
diversite de qualite des produits disponibles sur les 
marches. 

Un certain nombre de tests, effectues avec soin, peuvent 
permettre d'apprecier cette qualite avant d'accepter la 
livraison du produit: 

(1) Examen de la couleur et de la granulation. A 
Pexamen visuel, la farine doit etre bien homogene et de 
couleur claire. Elle doit pouvoir passer en totalite au 
tamis N 100. La couleur depend elle-meme de 1'espece 
des poissons traites. La parfaite blancheur n'est pas 
indispensable, car les farines legerement colorees, 
provenant d'autres poissons que ceux a chair blanche, 
peuvent convenir pour 1'alimentation animale. Une 
couleur trop accentuee, qui pourrait provenir soit d'un 
excfcs de chauffage, soit d'alterations au cours du stockage, 
doit etre consideree comme suspecte. 

(2) Examen de 1'odeur et de la saveur. L'odeur de 
poisson des bonnes farines est franche et agreable. II est 
possible, par des procedes appropries, de desodoriser 
completement ces farines. Dans les farines destinees aux 
animaux, les produits trop odorants ne doivent etre 
toleres qu'a faible dose, parce qu'ils risquent de freiner 
I'appdtit et surtout de communiquer a la chair et & la 
graisse des pores et des volailles un gofit et une odeur 
franchement desagreables. 

(3) Dosage de 1'humidite. Le dosage de 1'eau contenue 
dans une farine peut s'effectuer, soit par un sejour de 
plusieurs heures a Fetuve reglee a 105 centigrades, soit 
par entrainement a la vapeur de benzine. En aucun cas, 
le taux d'humidite des farines ne devrait pas dpasser 8 %. 

(4) Examen des matures azotes. II est recommandc 
aux acheteurs de farines de poisson d'exiger toujours une 
teneur garantie en azote. 

Le dosage de cet Element est effectue par la methode 
classique Kjeldahl, dont il serait urgent de normaliser 
1'emploi sur le plan international. 

De nombreux chimistes ont cherche, en effet, a intro- 
duire des variantes dans la technique initiale de ce dosage, 
pour en ameliorer a la fois la rapidite d'execution et la 
sflrete; mais ces modifications rendent parfois difficile- 
ment comparables les resultats obtenus d'un laboratoire 
Tautre, dans la mesure ou elles risquent d'influencer ces 
derniers. 

En raison de la diminution de digestibilite qu'un traite- 
ment trop prolonge ou trop brutal peut apporter & la 



proteine, il est indispensable de chercher ^valuer par 
une methode chimico-biologique le taux d'efficacite 
nutritive de cette derntere. Le test utiliser est la 
digestibilite par la pepsine chlorhydrique, qui permet 
d'6valuer la proportion de Fazote total solubilise par la 
pepsine au pH 2 & 37 centigrades. Dans ces conditions, 
la quantite d' azote passee en solution au bout de 48 
heures doit etre d'au moins 90% de Tazote brut initial. 

En raison de Timportance qu'il convient de lui attri- 
buer, les conditions d'application de cette methode 
devraient etre normalises, particulierement en ce qui 
concerne Forigine et le taux de la solution pepsique ^ 
utiliser. A titre d'information, nous donnons en annexe 
la methode suivie dans notre propre laboratoire, qui 
pourrait peut-etre servir de base de discussion pour un 
avant-projet de normalisation. 

L'efficacite proteique d'une farine ne depend pas 
seulement de sa digestibilite, mais bien essentiellement de 
la disponibilite pour Tamma! des acides amines fonda- 
mentaux qu'elle peut apporter. 

Cette disponibilite peut etre mise en evidence par la 
determination de la valeur biologique de la proteine, faite 
par la methode classique sur des rats ou des poussins. 
Lorsqu'il s'agit de farines destinees aux humains, cette 
valeur biologique devrait etre de 70%. Pour les farines 
destinees a la consommation animale, il parait possible 
de diminuer cette exigence jusqu'a 65%. 

On peut encore mesurer la valeur de la proteine d'une 
farine par la determination de son efficacite proteique 
pour des animaux de laboratoire. Celle-ci se mesure au 
moyen du quotient du gain de poids des sujets 
d'expdrience par la quantite de proteine qu'ils ont 
absorbee. 

Malheureusement, ['appreciation de la valeur bio- 
logique des farines est une methode longue et delicate, qui 
se prete fort mal pour cette raison & des analyses de 
routine. 11 en serait de meme pour la determination par 
chromatographie des acides amines liberes au cours de 
la digestion in-vitro. 

Nous devons a Carpenter une methode chimique qui, 
malgre quelques difficultes de mise au point, posscde 
i'avantage de fournir rapidement une indication sur la 
disponibilite dans un aliment de Tacide amine essentiel 
qui risque le plus de manquer aux norritures animales, la 
lysine. 

Le test de la lysine disponible (available lysine) permet 
ainsi de connaitre quelle est la fraction de cet acide amine 
dont le traitement subi par la farine de poisson a fait 
disparaitre Tactivite biologique. Dans une farine de 
bonne qualite, contenant environ 70 grammes de pro- 
t&ne, (dont 6,3 g. de lysine), la teneur en lysine disponible 
selon Carpenter doit etre de 4,2 g. (soit 6 g. au moins de 
lysine) pour 16 g. d'azote total de la farine examinee. 

Des modifications de la methode de Carpenter font 
actuellement Tobjet de recherches. 11 serait utile de les 
etudier syst6matiquement, afin de pouvoir choisir celle 
d'entre elles qui devrait faire Tobjet d'une normalisation 
sur le plan international. 
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L'examen des matteres azotees d'une farine de poisson 
ne serait pas complet sans un dosage d'ammoniac. En 
dehors de Information apportee par ce dosage sur la 
teneur initiale en corps ur6iques des poissons utilises, les 
tentatives de fraude par enrichissement de la teneur 
azotee au moyen d'une addition d'uree pourraient etre 
ainsi facilement decelees. 

En raison du danger que presentent certains amines 
toxiques, provenant soit des organes g6nitaux de certains 
poissons & Tepoque de leur reproduction, soit de fer- 
mentations putr^fiantes, il est utile de proceder a la 
recherche de la presence de Thistamine dans les farines. 
Ceci peut se faire ais&nent, en observant les effets 
produits par I'histamine sur une anse intestinale de 
cobaye isolee de 1'animal. 

Enfin, on ne devrait jamais oublier de faire, & partir 
d'un gramme de farine, la numeration des germes 
microbiens qu'elle contient. En ce qui concerne les 
farines pour les animaux, la tolerance pourrait aller 
jusqu'A 5.000, mais & la condition formelle que Ton ait 
verifie dans cette population Tabsence de colibacilles et 
de salmonella. 

Examen de la teneur en matures grasses 

Le dosage des matieres grasses contenues dans une farine 
s'effectue conventionnellement par une simple extraction 
& Tether sulfurique. D'apres ce que nous avons vu 
prec&Iemment, les meilleures farines sont celles qui ont 
ete le plus parfaitement dlipidees. Les exigences des 
fabricants de farines destinees aux animaux devraient 
etre portees au maximum de 6%. 

Bien qu'il soit possible, le dosage des peroxydes n'est 
pas indispensable, d'abord parce que ces corps ne sont 
pas par eux-memes toxiques, et ensuite parce qu'ils ne 
sont pas stables, ce qui rend tres difficile Interpretation 
des resultats fournis par ce test. 

Examen des mati&res minerales 

Le dosage des matieres minerales, avec examen special 
des quantites de phosphore, de calcium et de chlorures, 
est facile et indispensable. Selon 1'origine des produits, la 
teneur totale en cendres varie de 12 a 22%. Elle est en 
moyenne de 17,5%. 

A cause de 1'eau de mer qui accompagne les poissons 
jusqu'au moment de leur transformation en farine, une 
certaine quantity de sel marin se retrouve dans les 
produits obtenus. Mais cette quantite ne doit pas 
dSpasser 2 %. Au-deia de ce pourcentage, il y aurait lieu 
de soupgonner une addition de sel, qui (comme nous 
1'avons vu) doit etre autant que possible evitee. 

La teneur en cendres insolubles dans 1'acide chlor- 
hydrique, qui est un bon indice de la contamination par 
des substances minerales Strangles, doit demeurer 
au-dessous de 0,5 % de la mattere s&che totale. 

Enfin, en raison de la toxicite du nitrite de soude, qui 
est quelquefois utilise pour la conservation du poisson 
qui vient d'etre peche, la presence de ce corps dans les 
farines doit tre systematiquement recherchee. On se 



souviendra que ce produit est toxique & la faible dose de 
g. 2 par tete et par jour, pour un animal de la taille d'un 
mouton ou d'un pore. 

Conclusion 

Le seul moyen pour les fabricants de farine de poisson de 
lutter contre les produits concurrents caracterises par une 
valeur biologique elevee de leurs matieres prot&ques, 
comme les sous-produits des industries de la viande et du 
lait ou le tourteau de soja, est de soigner avant toute 
chose la qualite de leurs produits. A cette condition 
seulement, ils pourront garder et dvelopper dans Tavenir 
un marche regulier et remunerateur. Mais il leur faut 
pour cela faire des efforts, afin de veiller au bon etat de 
conservation de leur matiere premiere initiale, au traite- 
ment rationnel de leurs produits en cours de dessiccation, 
et au deshuilage aussi poussc que possible de leurs farines. 
Le refroidissement rapide de ces marchandises et leur 
entreposage dans des sacs conserves & Tabri de la chaleur 
et de Fhumidite sont egalement indispensables. 

Dans ces conditions, les farines destinees soit a 
ralimentation humaine, soit & 1'alimentation animale, 
devraient repondre aux normes suivantes: 



Projet de normes pour les farines de poisson utilisables a la nourriture 
des animaux 

Composition 

moyenne des Exigences pour la 

produits mis sur consommation 

le marche animale 

Teneur en cau . . . 7,9% 8% 

Teneur en mat. minerales 17,5% max. 20% 

dont sel marin . . . max. 2% 
Teneur en cendres insolubles 

dans HC1 .... max. 0,5 % 

Teneur en proteine brute . . 62% min. 65,-% 
Teneur en prot&ne digestible 

la pcpsine . . . .50% min. 55 % 
Teneur en lysine par rapport 

laprot&ne . . . . 9,1% min. 9% 
Teneur en lysine disponiblc par 

rapport la proteine (selon 

Carpenter) .... min. 6% 

Teneur en ammoniac . . max. 2% 

Teneur en lipides totaux . . 6,5% max. 6% 

Teneur en germes microbiens . max. 5.000 

Les indications fournies par le tableau precedent sont donn6es a 
titre provisoire. Elles devraient, avant d'Stre adopters definitive- 
ment, faire Tobjet d'une tres ample et tres objective discussion. 

Donnees compl6mentaires concernant la composition des farines 
de poisson. 



Acides amines en % des farines 
Movenne Minimum Maximum 



Cystine . 
Glycine . 
Lysine . 
M6thionine 
Tryptophane 



U 
5,0 
6,5 
2,0 
0,7 



0,7 

4,5 
5,3 
1,7 
0,5 



1,6 
5,9 
7,6 
2,1 
0,9 
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Teneurs de la proteine en acides ambits, rapportee a 16 g. d 'azote 

Acide amines* en g. 

Alanine 6,0 

Arginine ....... 7,7 

Acide aspartique 11,7 

Cystine 1,8 0,09 

Acide glutamique 13,0 

Glycine 6,6 

Histidine 2,5 

Leucine 8,6 

Isoleucine 5,4 

Lysine 9,1 0,30 

Methionine 2,4 0,03 

Ph6nylalanine 4,3 

Proline 5,9 

Serine 4,5 

Thrtonine 5,1 

Tryptophane 0,9 

Tyrosine 3,1 

Valine 6.1 

Variations des tencurs des farines telles qu'elles sent distribuees 
en quelques acides amines esscntiels. 



Repartition de 1'azote proteique entre les different* tissus 
(pour la farine de menhaden) 

tie la proteine tot ale 

Proteine des muscles et des visceres . . 78 

Prot&ine des tissus de soutien ... 14 

Prot6ine hydrosoluble .... 8 



Rapport dans les farines : 



moyenne 
0,56 



minimum 
0,45 



maximum 
0,75 



Teneurs en quelques micro-elements, en mmg. pour 100 g. de farine 

Poissons communs Requins 

Per dc 150 a 200 



Cuivrc . 
Manganese 



de 
de 



2a 
8a 



18 

22 



100 
80 



Teneurs en vitamines, par rapport aux farines telles qiTelles sont 
distribuees, par Kg de produit 



B 12 

Biotine . 

Choline . 

Acide f clique . 

Niacine . 

Acide pantothenique 

Pyridoxine 

Riboflavine . 

Thiamine 



76 a 1050 g. 1 

0,15 mmg. 

2200 a 8800 mmg. 

2.4 mmg. 
24 a 350 mmg. 

9,- mmg. 

6.5 mmg. 
5,7 a 9,5 mmg. 

0,45 a 0,90 mmg. 



La donnee maximum a 6te observee sur des farines de sardines. 



Methode pour Vepreuve de la digestibilite enzymatique in-vitro 

1. Doser a part 1'azote Kjeldahl et 1'humidit6 sur le produit brut. 
II. Introduire 2 g. de produit dans un flacon Erlenmcyer de 
500 c.c. Ajouter : 
250 c.c. d'eau distillee 
3 c.c. de HCl 2,5 N 
25 c.c. de solution pcpsique aqueuse 5 p.mille (agiter la 

solution avant usage). 

Boucher le flacon avec un bouchpn de caoutchouc ; le porter pour 
24 heures a Ketuve ou au bain-marie 37 '. Agiter de temps autre. 



Ce laps de temps ecoule, ajouter une quantite de HCl 2,5 N qui 
permette d'etablir le pH du milieu aux environs de 2,0 (1,5 a 2 c.c. 
de HCl 2,5 N suffisent habituellement). Verifier I'acidit6 au papier 
r6actif (papier pH sensible): si le pH est superieur a 2, rajouter du 
HCl de maniere a ramener ce pH au voisinage de 2,0-1,7. Rcmcttre 
a I'eluve ou au bain-marie pour une nouvelle periode de 24 heures 
en agitant dc temps a autre. 

A Tissue de ce delai, filtrer le contenu du flacon sur entonnpir 
Biichner, de manure a recueillir soigneusement la fraction solide 
(la filtration est facilitee par de 1' "hyflo-supercel" et un vide partiel). 
Sur le filtrat, verifier au papier r6actif le pH final, qui doit 6tre 
compris entre 1,7 et 2,2. Dans le cas contraire, recommenccr 
1'epreuve de digestion en ajustant differemment 1'addition de HCl. 
Laver le flacon Erlenmeyer et le filtre 3 fois a I'eau distillee chaude 
et recueillir tout 1'insoluble pcpsique sur le filtre. 

Assecher le filtre et son contenu & Tair libre ou a Fetuve; le 
transvaser dans un matras Kjeldahl; mineraliser selon la technique 
de Kjeldahl, apres avoir laiss dig6rer quelque temps le filtre par 
1'acide sulfurique concentre froid, ajout6 la dose habituelle; doser 
1'azote. 

Completer dventuellement Pepreuve pcpsique par une determina- 
tion de N ammoniacal et de N ureique (si Ton suppose la presence 
d'uree dans le produit) par les methodes conventionnelles admises. 

React if s a prepare r : 

HCl 2,5 N: 

250 c.c. de HCl pur RP (d - 1,18) dilucs a 1.000 c.c. avec de 
I'eau distillee; 
solution aqueuse a 5 p.mille de pepsine UCLAF litre 200. 

(Remarque: la pepsine en poudre se conserve plusieurs mois a Tabri 
de Tair et de la lumiere, en flacons soigneusement bouchds.) 

eau distillee. 

Calculs: 

Index de digestion pcpsique (dp) 



initial 
introduit 



-N 



res i duel de 
1'insoluble pepsique 



N initial introduit 



/ 100 



Teneur de la farine animate en azote digestible a la pepsine HCl: 
N digestible de produit sec N * - p 

ou: 

N - teneur en azote brut de produit; on pourrait eventuelle- 

ment ddfalquer de cetlc valeur les teneurs en N ammoniacal 

et en N ureique; 

dp index de digestion pepsique; 
m - teneur en matiere seche de produit. 

Note: Dans le cas d'une farine grasse, un degraissage prealable 
est necessaire; pour cela, introduire les 2 g. de produit dans un 
extracteur de Soxhlet ct extraire durant deux hcures a Tether 
bouillant ; transferer soigneusement le produit degraisse, ddbarrassc 
des restes de solvant par une courte exposition k Tair libre, dans le 
flacon Erlenmeyer servant a 1'epreuve dc digestion in-vitro. 
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The quality of fish meal made under many different conditions and from varying species must of course vary 
and it is necessary that chemical tests be carried out to standardize quality. This and other work on fisheries 
represents an expanding field of activity in which many new hands are required. To provide those workers 
FAO supplies many instructors to different countries on request. Illustration shows pupils in Thailand watching 
a simple demonstration of laboratory technique by a visiting FAO expert. 
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NUTRITIVE CONSTITUENTS OF FISH MEAL AND FISH SOLUBLES 

by 
SHIGEO MURAYAMA and MASAAKI YANASE 

Demand and supply of fish meal and fish solubles in Japan, both as food for farm animals and as fertilizer, have been increasing 
year after year. However, nutritive constituents of these products vary widely. This is because various kinds of fish (including pollack, 
cod, sardine, saury, tuna, cuttle fish, etc.) are used, in either round form or as waste, for processing into fish meal or fish solubles. Processing 
methods are also various, depending on type of material and market requirements. 

Most fish meal studies conducted so far are limited to assessing contents of protein, fat, and ash. Still less is known about nutritive 
constituents of fish solubles. The authors have examined various brands of commercial fish meal and fish solubles for vitamin content and 
mineral composition, as well as general composition. 
Experiments and results: Fish meal 

One group of materials used for the present study comprises 7 samples offish meal produced in Japan in 1958 and 1959. Another 
group includes 6 samples from various other countries. The results of analysis are shown in Tables 1 and II. In comparison with the samples 
produced from such materials as fish waste, miscellaneous small fish and crustaceans, sample No. 1, which was processed from whole fish 
bodies offish, contained crude protein (66-5 per cent) and vitamin B e (7-2 per cent) at a higher level, but moisture (7-1 per cent) and crude 
ash (16-9 per cent) at a lower level (Table I). No remarkable differences in composition of nutritive elements were observed between Japanese 
fish meal and the products of other countries. 
Fish solubles 

Ten samples offish solubles produced in Japan in I960 were analysed. The results of analysis given in Table III indicate that moisture 
content of each sample was less than 50 per cent; crude protein content ranged from 35 to 49 per cent, and crude ash content did not exceed 
1 1 per cent. Fish solubles had higher vitamin A content levels than fish meal. Vitamin content was considerably high, especially pantothenic 
acid (15-0-49-5 y/g.) and vitamin B 13 (16112 y/lOOg.). The amounts of calcium, phosphorus, and Ca/P in fish solubles were remarkably lower 
than those in fish meal. 

CONST1TUANTS NUTRITIFS DE LA FAR1NE ET DES SOLUB1LISES DE POISSON 

La demande et I'offre de la farine dc poisson ou des solubiliss de poisson comme aliments pour les animaux domcstiqucs et 
comme fertilisants se sont accrues chaque annee au Japon. Cependant, les constituants nutritifs de ces produits varient tres largemem. 
Ceci cst du au fait que dc nombreuses varietes de poisson (comprenant le colin jaune, la morue, la sardine, le saurel, le thon, Ic calmar, 
etc.) sont utilises, soit sous leur forme entiere, soit comme d6chets pour etre trait6s en farine de poisson ou en solubilises de poisson. Les 
mdthodes de traitement sont diverses aussi selon le type de matiere premiere et les exigences du marchd. 

La plupart des 6tudes faites jusqu'ici sur la farine de poisson sont limites a la ddtcrmination des teneurs en prot6ine, giuisse et 
cendres. On en sail encore moins sur les constituants nutritifs des solubiliss de poisson. Les auteurs ont ctudid divers melanges de farines 
industrielles de poisson et de solubilisds de poisson pour leur teneur en vitamines et leur composition minerale, comme pour leur composition 
generate. 
Experiences et resultats: Farine de poisson 

Un groupc de produits utilises pour la presente gtude comprend sept echantillons de farine de poisson produite au Japon en 1958 et 
1959. Un autre groupe comprend 6 echantillons venant de divers autres pays. Les resultats des analyses sont pr6sentes dans les Tables I ct 
II. En comparaison avec les echantillons provenant de matieres premieres telles que les ddchets de poisson, les petits poissons de refus et les 
crustaces, I'&hantillon n 1 qui a dt& obtenu depuis des corps entiers de poisson presente une teneur plus haute en proteine brute (66,5 ) ct 
en vitamine B e (7,2%), mais moindre en eau (7,1 %) et en cendres brutes (16,9%) (Table I). On n'a pas observe de differences notables dans 
la composition des e!6ments nutritifs entre la farine alimentaire japonaise de poisson et les produits des autres pays. 
Solubilises de poisson 

On a analyst 10 echantillons de solubilises de poisson produits au Japon en I960. Les resultats des analyses sont donns en Table 
111; ils indiquent que la teneur en eau de chaque dchantillon est inferieure a 50%, que la teneur en prot&ne brute varie de 35 a 49%, et que 
la teneur en cendres n'excede pas 1 1 %. Les solubilises de poissons presentent des teneurs en vitamine A plus deyees que la farine de poisson' 
La teneur en vitamines est considerablement eleyee, specialement en acide pantothdnique (15,0 a 49,5 y/g.) et en vitamine B, 2 ( 16 a 1 12 y/100 g.). 
Les solubilisds de poisson presentent des quantits de calcium et de phosphore et un rapport Ca/P notablement plus faibles que la farine de 
poisson. 

CONSTITUYENTES NUTRIT1VOS DE LA HARINA Y SOLUBLES DE PESCADO 

Le demanda y la oferta de harina y solubles de pescado en el Jap6n, como alimento para los animales dom&Jticos y como fertilizante, 
nan aumentado de afto en afto. Sin embargo, los constituyentes nutritivos de esos productos varian mucho debido a que muchas variedades de 
pescado (comprcndido abadejo, bacalao, sardina, paparda, atun, calamar, etc.) se usan enteros o como desechos para reducirlos a harina o 
solubles de pescado. Los mdtodos de fabrication son igualmente diversos y dependen del tipo de materia prima y de las exigencias del 
mercado. 

Casi todos los estudios sobre harina de pescado realizados hasta ahora se han limitado a determinar el tenor de proteina, grasa y 
ceniza. Se sabe todavia menos de los constituyentes nutritivos de los solubles de pescado. Los autores han estudiado varias marcas de harina 
y solubles de pescado industriales, para determinar el contenido de vitaminas y la composici6n mineral, asi como la composici6n general. 
Experimentos y result ados: Harina de pescado 

Un grupo de productos empleados en el presente estudio comprendc 7 muestras de harina de pescado preparada en el Jap6n en 1958 
y 1959. Otro grupo abarca 6 muestras de varios otros paises. Los resultados de los analisis se dan en las Tablas I y II. En comparaci6n 
con las muestras preparadas a partir de materias primas como desechos de pescado, morralla formada por pescado pequefto y crustaceos, 
la muestra numero 1 preparada con el cucrpo entero del pescado contenia una importante cantidad de proteina bruta (66,5 %) y vitamina B e 
(7,2%) y menos humedad (7,1 %) y ceniza bruta (16,9%) (Tabla 1). No se observaron diferencias notables en la composici6n de los elementos 
nutritivos de harinas de pescado japonesas y los productos de otros paises. 
Solubles de pescado 

Se analizaron 10 muestras de solubles de pescado producidos en el Jap6n en I960. Los resultados de los analisis, dados en la Tabla 
HI, indican que el contenido de humedad de cada muestra es inferior al 50%; el de proteina bruta oscila de 35 a 49%; y el de ceniza bruta, 
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no pasa de 11%. Los solubles de pescado contcnfan mayores concentraciones de vitamina A que la harina de pescado. El contcnido de 
vitamina era elevadfsimo, particularmente el de acido pantottnico (15,0-49,5 y/$.) y vitamina B 1t (16-112 y/100 g.). Las cantidades de calcio 
y fdsforo y la relacibn Ca-P en los solubles de pescado es notablemente mas baja que en la harina de pescado. 



Sample 

No. 

1 

2A 

2B 

3A 

3B 

4 

5 



General composition 

Mois- Crude Crude Crude 
ture fat protein ash 



TABLE I 
Nutritive elements of fish meal produced in Japan 

Inorganic substance 



7-1 
11-8 
12-0 
11-9 
12-1 
16-5 
13-5 



4-7 
6-9 
8-1 
13-1 
5-0 
1-6 
2-9 



66-5 
54-4 
53-2 
56-1 
56-0 
30-8 
32-4 



16-9 
23-8 
21-7 
14-1 
20-0 
29-2 
29-6 



Ca 

mg.% 
5280 
7660 
6770 
4540 
5950 
7400 
8750 



P 

mg.% 
3560 
3725 
3910 
2135 
3575 
1630 
670 



Fe 

mg.% 
23-0 
76-8 
45-5 
44-5 
88-2 
45-0 

264-0 



8-8 
2-4 
3-0 
3-4 
2-6 
2-8 
1-0 



ylg. 

0-5 
7-6 
2-0 
0-8 
1-3 
0-5 
1-1 



ylg- 

2-5 
7-5 
4-1 
3-3 
4-3 
1-6 
6-4 



Vitamin 



7-2 
1-8 
2-3 
1-4 
1-8 
1-8 
1-6 



Panto- 






thenic 


Folic 




acid 


acid 





ylg. 


ylioog. 


ylioog. 


6-0 


12 


4-8 


6-4 


25 


7-5 


5-6 


88 


5-4 


4-3 


42 


11-0 


3-9 


40 


5-0 


10-0 


520 


2-2 


7-6 


34 


0-8 



Sample No. 1 processed from flat fish, cod and Alaska pollack 
2 processed from Alaska pollack waste 

3 processed from miscellaneous small fish 
,,4 processed from crab 

5 processed from isopod, a kind of crustacean 



TABLE II 
Nutritive elements of fish meal produced in various countries 



General composition 



Inorganic substance 



Vitamin 









Crude 
















Panto- 


Material 


Mois- 


Crude 


pro- 


Crude 














thenic Folic 


Sample and 


ture 


fat 


tein 


ash 


Ca 


P Fe 


A 


B l 


B* 


B. 


acid acid B }t 


No. Source 


o/ 

/o 


% 


/o 


% 


mg.% 


mg.% mg.% 


Wig 


ylg- 


ylg. 


ylg. 


ylg. yllOOg.yllOOg. 


1 Cod, Iceland . 


9-0 


2-8 


67-1 


19-6 


5970 


3980 68-5 


1-8 


10-3 


4-8 


18 


14 16 4-0 


2 Redfish, Iceland . 


8-5 


10-9 


59-5 


18-5 


5980 


3860 29-7 


7-0 


0-6 


2-9 


10 


10 30 6-0 


3 Herring, Norway 


9-7 


7-0 


66-8 


12-1 


1950 


2570 31-7 


8-9 


1-4 


5-2 


8-0 


21 30 5-6 


4 Unidentified fish, Portugal 


8-3 


9-4 


52-1 


24-9 


5220 


3430 59-0 


3-3 


0-7 


1-3 


2-8 


9-4 20 5-6 


5 Anchovy, Peru 


8-5 


5-8 


64-6 


13-9 


4470 


3060 30-3 


4-5 


0-3 


2-5 


14 


9-3 16 18 


6 Pilchard, Angola 


7-6 


5-0 


64-2 


19-0 


5720 


3910 49-3 


5-1 


0-3 


5-1 


8-0 


7-0 20 14 



TABLE III 
Nutritive elements of fish solubles produced in Japan 

General composition 



Distribution of Nitrogen 
Ratio of water Ratio of volatile 











Crude 




soluble 


basic 






Mois- 


Crude 


pro- 


Crude 


N to total N 


N to total N 






ture 


fat 


tein 


ash 






Sample 


No. Material 


% 


% 


/ 

/o 


/ 

/o 


o/ 
/o 


o/ 
/o 


1A 


Tuna viscera ....... 


41-8 


7-7 


44-9 


3-4 


91-4 


2-2 


IB 


Tuna viscera 


43-6 


10-0 


40-2 


3-7 


79-2 


2-6 


2A 


Alaska pollack and Atka mackerel flesh mixed with 


40-4 


11-2 


38-2 


4-6 


86-4 


4-3 




viscera 














2B 


Alaska pollack and Atka mackerel flesh mixed with 


46-5 


10-0 


35-2 


4-0 


87-7 


4-1 




viscera 














3 


Squid, saury, Alaska pollack and salmon flesh 


40-7 


6-6 


41-6 


10-1 


96-8 


3-2 




mixed with viscera 














4A 


Unidentifiable . 


40-4 


5-2 


45-7 


4-6 


93-4 


2-7 


4B 


Unidentifiable . 


33-8 


8-9 


48-2 


6-4 


82-5 


2-7 


4C 


Unidentifiable . 


37-3 


10-0 


46-5 


4-1 


89-2 


3-7 


4D 


Unidentifiable . 


42-3 


4-6 


46-8 


4-1 


85-9 


2-6 


5 


Cooked liquor of skipjack flesh 


42-6 


4-1 


38-8 


10-8 
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Sample 
No. 

1A 

IB 

2A 

2B 

3 

4A 

4B 

4C 

4D 

5 



TABLE III (continued) 
Nutritfre elements of fish solubles produced in Japan 

Vitamin 



Inorganic substance 



A 


D B, 


B, 


B 


Ma- 
cm 
mg.j 


Panto- 
thenic 
acid 


Bio- 
tin 


,s Ca 


P 


Fe 


K 


Na 


Mg 


Sand 


S///cic 
acid 


SO 


Wig. 


Wig. ylg. 


ylg* 


ylg. 


100*. 


ylg. y/100 g . 


y/lOOg. mg.% 


mg.% 


mg.% 


mg.% 


mg.% 


mg.% 


% 


o/ 
/o 


mg.% 


271 


0-07 


5-6 


6-6 


14-7 


25-5 


80 


20 


27-3 


508 


44-8 


250 


96 


68-0 


0-71 


0-91 


3-91 


718 


115 0-05 


4-6 


7-8 


14-3 


20-5 


53 


18 


79-3 


552 


28-7 


215 


112 










436 


0-04 


6-7 


1-6 


11-3 


24-5 


216 


20 


65-4 


768 


24-7 


281 


136 










479 




5-8 


3-4 


23-1 


24-5 


140 


20 


59.8 


715 


15-8 


531 


172 


34-6 


1-09 


0-42 


84-8 


33 




3-4 


13-0 


27-1 


15-0 


56 


16 


35-2 


883 


18-7 


952 


280 










344 




3-9 


5-8 


22-3 


38-5 


116 


23 


61-8 


707 


30-2 


300 


128 


31-0 


0-31 


0-26 


4-91 


81 


36 


6-2 


2-0 


22-5 


24-0 


80 


112 


39-0 


753 


23-3 


340 


232 










413 


0-12 


2-5 


11-0 


26-8 


22-0 


80 


20 


43-5 


553 


36-5 


262 


125 










352 




3-4 


8-6 


19-5 


17*5 


70 


23 


42-2 


560 


33-3 


331 


108 










3 


5-40 


11-3 


15-0 


50-0 


49-5 


43 


25 


29-8 


871 


20-9 















DISCUSSION 

On the paper submitted by Dr. L. E. Ousterhout and Dr. D. 
G. Snyder, DR. H. L. A. TARR (Canada) observed: As a 
result of a great deal of comparative work on fish meals, it 
was found that the nutritive values of British Columbia 
herring meals are higher than those of the other meals. 
Dr. H. R. BIRD (U.S.A.): Might not this superiority be due 
to less heating? 

DR. H. L. A. TARR (Canada): Oils in herring meal are less 
unsaturated, and consequently less prone to heating. 
DR. L. E. OUSTERHOUT (U.S.A.): Herring meals are no better 
or worse than menhaden or whitefish meals. Meals must be 
treated carefully to preserve the digestibility of the oils, and 
consequently that of the proteins. 

DR. O. M. DREOSTI (South Africa): Studies on horse- 
mackerel and pilchard meals showed the former to be slightly 
more stable than the latter. Heat damage is related to mois- 
ture content of the meals; if moisture is low, damage is less. 
The oil from pilchard meal is highly unsaturated. Meal 
stability is dependent upon the species and moisture content 
of the meal. 

DR. L. E. OUSTERHOUT (U.S.A.): Some meals are more 
stable than others, and natural antioxidants in the meal are 
important factors tending toward greater stability. 
DR. H. S. OLCOTT (U.S.A.): There are two reactions. The 
first is the oxidation of lipids, to give carbonyls and aldehydes 
which react with proteins; this oxidation is inhibited by 
moisture content up to about 8-12 per cent. The second 
reaction is browning, due to the Maillard reaction of alde- 
hyde; browning is accelerated at a moisture content of about 
15-20 per cent. 

DR. L. W. KINSELL (U.S.A.): What antioxidants are con- 
sidered best? 

DR. L. E. OUSTERHOUT (U.S.A.): Stantiquin is equal to, or 
more effective than, BHT as an antioxidant for fish meal. 
Both have been accepted by the U.S. Food and Drug Admini- 
stration. 

DR. M. A. RAAFAT (U.A.R.): Good meals have a low fat 
content, while low quality meals have a high fat content. 
DR. L. E. OUSTERHOUT (U.S.A.): Certain species have stable 
fats, and some fish meals of best quality might contain 15- 
18 per cent fat (herring). With a reactive fat such as that of 
menhaden meal, quality is related to fat content. 
DR. K. J. CARPENTER (U.K.): According to Ousterhout's 



paper, one should try to minimize the oil content of fish 
meals. Could one extract the oil, fractionate or hydrogcnate 
it, and add it back to the meal ? 

DR. G. M. DREOSTI (South Africa): Once you remove the 
oil, there would be no point in adding it back. Fish meal 
and fish oil should be treated as separate products. 
DR. D. G. SNYDER (U.S.A.): Since the current trend is to 
incorporate more fish meal into rations, a low oil content 
would be desirable because of the decreased possibility of a 
fishy flavour in the flesh of the consuming animals (broilers). 
PROF. A. M. LEROY (France): Should the meal be allowed to 
cool naturally, or should some mechanical means be em- 
ployed ? 

DR. L. E. OUSTERHOUT (U.S.A.): In the United States several 
methods of cooling are used, such as air blowing, or elevating 
the meal and sifting it through the air from a height of 60 
feet or more, and then perhaps repeating this lifting and 
sifting a second time. Long metallic conveyors also have a 
cooling effect. Meals should not be cooled in piles, unless 
they are very small. 

DR. K. BREIREM (Norway): In 1956 experiments were begun 
in Norway to study the effect of adding the antioxidant 
BHT during the manufacture of herring meal. The anti- 
oxidant-treated fish meal was sun-dried, in comparison with 
non-treated herring meal. (The results will be published in 
one or two years). The treated and non-treated herring meals 
proved to be of equal nutritive value. We are of the opinion, 
therefore, that a well-stored, mildly oxidized Norwegian 
herring meal can be used without any risk. It seems that 
impairment in the nutritive value may occur only in the 
initial active stage of oxidation; this corresponds with my 
observations on the impairing effects of combines on freshly 
harvested grain in Scandinavian countries. An interesting 
observation made during our experiments on antioxidant- 
treated herring meals should be mentioned: it was found that 
this herring meal produced significantly more fishy odours in 
lard and pork than non-treated meal. The use of antioxidants 
in the manufacture of fish meals would appear to be inadvis- 
able when the meal is to be used by swine. 

Problem of inspection 

On the paper submitted by Prof. A. M. Leroy, DR. D. G. 
SNYDER (U.S.A.) observed that the presence of toxic bacteria 
in fish meal was not a problem in the United States. 
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DR. G. BoRGSTRttM (U.S.A.): A whole group of salmonella 
was introduced into Europe. It is unfortunate that this has 
occurred in fishery products, since it has led people to 
believe that there is something inherently dangerous about 
fish. Actually this contamination most probably occurs 
during processing and distribution, since it does not occur 
in the living fish. The salmonella infection has spread into 
poultry and humans in Europe. 

DR. A. M. LEROY (France): The Pasteur Institute found 
certain fish meals to have high concentrations of salmonella, 
and so to be dangerous. 

DR. E. M. DEL SOLAR (Peru): The existence of salmonella in 
fish meal is undoubtedly due to contamination of the product 
after it has left the production plant. 

DR. G. VARELA (Spain): In general, toxicity in fishery pro- 
ducts is related to the presence of toxic amines. 
DR. G. BoRGSTRftM (U.S.A.): It is found generally that 
contamination can occur in the handling, processing, and 
distribution of the meals. In spite of meticulous observation 
of sanitary regulations in the egg powder industry, we are 
still faced with salmonella infections. This hazard persists 
even when manufacturing takes place under hygienical ly 
ideal conditions. 

DR. H. R. BIRD (U.S.A.): Salmonella contamination has 
also been found in other food products, such as meat and 
vegetable products. 



DR. H. WESTERMARCK (Finland): There have been outbreaks 

of salmonella in Finland and Sweden which have lead to the 

need for sterilization of imported fish meal. This leads to the 

question as to how meal can be sterilized without impairing 

its nutritive value. 

DR. A. M. LEROY (France): While sterilization reduces the 

bacterial count, heat can decrease the biological value of the 

product. Manufacturers should realize this fact, and use 

discretion in sterilizing such a product. 

DR. H. R. BIRD (U.S.A.): Since fish meal costs are of prime 

importance to the user, and phosphorus supplements are 

expensive, advantage should be taken of the natural minerals 

in the meal. 

DR. L. E. OUSTERHOUT (U.S.A.): There is no known way to 

sterilize fish meal without impairing its protein quality. 

DR. A. M. LEROY (France): Fish meal should be evaluated in 

terms of digestible protein and amino acid values, and less 

emphasis should be given to the vitamin and mineral values. 

DR. H. WESTERMARCK (Finland): The detection of salmonella 

in fish meals is not easily accomplished. 

DR. H. L. A. TARR (Canada): There is the possibility of 

using gaseous chemical disinfectants. 

DR. D. G. SNYDER (U.S.A.): Sterilization is not necessary, 

if proper processing methods are used. 

DR. H. L. A. TARR (Canada): The contamination offish meal 

is due to vermin and rats which find their way into the meal 

during transportation and storage. 




South American countries of Chile and Peru have developed rapidly in fishing enterprise in recent years par- 
ticularly in canning and fish meal output. FAO has given much technical assistance in both fields. Picture 
shows the interior of a canning factory in Chile. The production of Peruvian fish meal in particular has reached 
spectacular dimensions owing to the plentitude of fish and good climatic conditions permitting efficient and 

economical production. 
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FISH AND FISHERY PRODUCTS IN RUMINANT NUTRITION 

by 
A. EKERN, T. HOME, H. HVIDSTEN, O. ULVESLI, and K. BREIREM 

In Norway considerable quantities offish meal, especially herring meal, have been produced over many years. As this fish meal has 
been sold at prices competitive with those of oil seed meals, fish meal as a feed for ruminants has for a long time aroused a great interest. On 
account of the good results attained by using herring meal to supplement poor rations, the fanners now have great confidence in herring meal. 
Hence they often request that feed mixtures for ruminants should contain herring meal. 

In Norwegian experiments, with about 450 dairy cows, varieties of fish meal have been compared with oil seed meals. By the use of 
poor rations, made up of low-quality roughage, a response to herring meal has been established in the milk yield. In more recent experiments, 
in which better-quality forages and balanced rations have been supplied, it was not possible to confirm that herring meal raises the milk 
yield. 

In two of the experiments, however, the herring meal raised the content of milk protein significantly. 

In corresponding experiments with young cattle, herring meal gave higher live weight gains than did oil seed meal. 

In the feeding of sheep and goats, fish meal has proved to be of great value as a supplement to roughage rations. 

Finally, fish meal, and especially better-quality herring meal, seems to be acceptable to ruminants, and may replace oil seed meal 
according to their contents of digestible protein. 

When poor-quality rations are supplemented, the high content of minerals and vitamin D (herring meal) of the fish meal may be a 
valuable asset. 

LES PRODUITS DE LA PECHE DANS L'ALIMENTATION DES RUMINANTS 

En Norvege, on a produit durant de nombreuses annees des quantitSs considerables de farines de poisson, notamment dc farine de 
hareng. Comme ces farines etaient vendues a des prix competitifs de ceux des farines de tourteaux d'o!6agineux, dies ont dveille un grand 
interet pour Talimentation des ruminants. Grace aux bons resultats obtenus par la supplementation des rations pauvres avec de la farine de 
hareng, les fermiers ont acquis une grande confiance en celle-ci. Aussi demandent-ils souvent que les melanges alimcntaires pour ruminants 
contiennent de la farine de hareng. 

Dans des experiences norv^giennes, on a compare, pour 450 vaches laitieres environ, diverses farines de poisson avec des farines de 
tourteaux d'oleagineux. En utilisant les rations les plus extremes composees d' issues de faible valeur alimentairc, on a pu etablir reflet de la 
farine de hareng sur la production de lait. Dans des experiences plus recentes avec des four rages de meilleure quality et des rations equilibrees, 
il n'a pas et possible de conrirmer quc la farine de hareng clevait la production du lait. 

Dans deux de ces experiences, cepcndant, la farine de hareng eievait notablement la teneur en prot&nes du lait. 

Dans des experiences paralleles sur du betail jeune, la farine de hareng amenait des gains de poids superieurs a ceux obtenus avec 
les farines de tourteaux cToteagineux. 

Dans 1'alimentation des moutons et des chevres, les farines de poisson se sont revelees de grande valeur pour la supplementation des 
rations d'issues. 

En conclusion, les farines de poisson (et notamment les mcilleures qualitcs de farines de hareng) semblent convenir aux ruminants 
et peuvent remplacer les farines de tourteaux d'oleagineux en raison de leur teneur en proteines digestibles. 

Dans la supplementation des rations de mauvaise qualite, la haute teneur en mineraux et en vitamine D (farine de hareng) des 
farines de poisson peut jouer un rdle appreciable. 

EL PESCADO Y LOS PRODUCTOS PESQUEROS EN LA ALIMENTACION DE RUMIANTES 

En Norucga, desdc hace muchos aftos se fabrican cantidades ingentes de harina de pescado, particularmentc de arenque. Como las 
harinas de pescado se han vendido a precios de concurrencia con las de semillas oleaginosas, su empleo como pienso para rumiantes causa 
gran intends desde hace mucho tiempo. Debido a los buenos resultados pbtenidos con el empleo de harina de arenque como complemento de 
racioncs deficientes, los ganaderos tienen gran confianza en ella y requieren con frecuencia que las mezclas de piensos para rumiantes las 
contengan. 

En experimentos realizados en Noruega con 450 vacas lecheras, se hicieron comparaciones entre varias harinas de pescado y de 
semillas oleaginosas. Empleando raciones pobres, formadas por forraje de gran volumen, pero de baja calidad, se ha demostrado que la adicibn 
de harina de pescado incrementa el rendimiento de leche. En otros experimentos lleyados a cabo mas recicntemente, en los que se emplearon 
forrajes de mejor calidad y raciones equilibradas, no se Iogr6 confirmar que la adici6n de harina de pescado dilatase la produccidn dc leche. 
Sin embargo, en dos de las experiencias con harina de arenque aument6 sensiblemente el contenido protefnico de la leche. 

En experimentos correspondientes con ganado joven, pes6 ms en pie el alimentado con harina de arenque que el que recibio harinas 
de semillas oleaginosas. 

En la alimentacidn de ovejas y cabras, las harinas de pescado tuvieron gran valor como complementos de las raciones de forrajes 
de gran volumen. 

Finalmente, las harinas de pescado, particularmente las de arenque de mejor calidad, parecen aceptarlas los rumiantes y, de acuerdo 
con su contenido de proteina digestible, pueden llegar a substituir a las de semillas oleaginosas. 

Cuando a las raciones de mala calidad se adicionan harinas de pescado, el elevado contenido de minerales y vitamina D (harina de 
arenque) de estas puede dar excelentes resultados. 

IN 1884, a factory for production of herring oil and this country. For the years 1951-55, the average pro- 
herring meal was erected in Norway by an English duction was 190,000 metric tons. The quantity, however, 
firm. Ten years later, in 1894, the first Norwegian varies greatly from year to year, depending upon the 
factory was built. Today in Norway we have 70-80 catch of herring. Up to 1957, Norway was second only 
factories for production of herring oil and herring meal. to the U.S.A. in production of fish meal, but later both 
Herring meal is by far the most important fish meal in Peru and Japan have by-passed Norway. 
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Since 1858, a fish meal made from air-dried heads and 
backbones of codfish has been produced in Norway, and 
exported as a fertilizer (guano). Some decades later, in 
the 1890s, in Germany this product was found to be very 
well suited for supplementing grain and potatoes in the 
feeding of pigs. During the years 1911-15 most of the 
production (12,600 tons) was exported. Since then, the 
production of air-dried fish meal has been decreasing. 
On the other hand, there has been a great increase in 
production of dehydrated, white fish meal, a by-product 
(about 50 per cent of the fish) from the production of 
frozen fish fillets. In the years 1955-56, about 18,000 
metric tons of white fish meal were produced in Norway. 
Three-fourths of this quantity was dehydrated (31). 

Although the whale is not a fish, whale meal, in the 
opinion of animal nutritionists, shows similarities to fish 
meal. The Norwegian catch of whale in the Southern 
Arctic aims mainly at producing whale oil. It has only to 
a small extent been possible to utilize the rest of the 
carcass for production of whale meat. From an economic 
standpoint it is not feasible as a rule to manufacture 
whale meal on board a ship, and then to transport this 
intrinsically low-priced product over enormous distances. 

In Norway, as in every other developed country, fish 
meal and other animal feeds are considered to be of 
greatest value for single-stomach animals. However, since 
herring meal has often been comparatively cheap in 
Norway, the use offish meal for ruminants also, especially 
dairy cows, has aroused some interest. Accordingly, 
there has been a great demand for research on fish meals 
for ruminants in Norway. In fact, the first feeding 
experiment in Norway, carried out in 1892-93, by the aid 
of special funds raised by the Norwegian Parliament, was 
concerned with a comparison of oilseed meal, herring 
meal, and whale meal (see later). 

Composition and digestibility of fish meal and whale meal 

The composition of representative samples of Norwegian 
fish meal is given in this table. 



Dry Crude 
matter protein 


Ether 
extr. 


Ash 


Ca 


P 




o/ 


o/ 






o/ 


o/ 




/o 


/o 


, o 


/o 


/o 




Herring meal 


91 


71 (71-73) 


8(6-8) 


9 


2-0 


1-8 


Air-dried fish meal 


89 


50 


1 


35 


9-5 


5-0 


Dehydr. whole fish 














meal (haddock) 


92 


74 


4 


14 


3-9 


2-4 


Whale meal (whale 














meat meal) 


91 


82 


4 


5 


0-6 


0-7 


Whale feed meal 














(with bones) 


92 


65 


3 


22 


6-1 


3-1 



The coefficients of digestibility, determined in sheep in 
Norway, are given in the following table. 

As for digestibility, it should be mentioned that most 
Norwegian fish meals are dried directly with fire gases 
(flame drying). It has been demonstrated that, when 
overheating is avoided, this drying method, as practised 
in the experienced Norwegian factories, has no adverse 





No. of 






experi- 






ments 


Protein Ether extr. 


Herring meal 


20 


91 95 


Air-dried fish meal 


8 


89 96 


Dehydr. whole fish meal 


3 


95 96 


Whale meal (meat meal) 


5 


95 100 Vacuum-drying 


Whale meal (meat meal) 


3 


82 100 Ordinary drying 


Whale feed meal 


4 


79 100 Ordinary drying 



effects on protein quality, either in respect of digestibility 
or of biological value. In extensive studies in pigs, 
comprising growth experiments, as well as nitrogen 
balance experiments, Homb and Homb et al. (14, 15) 
thus found that flame-dried herring meal was about equal 
to steam-dried herring meal. 

The great differences in digestibility, however, between 
the three whale meals in the table above, are certainly 
caused by overheating of the second and the third meals. 
The drying method may thus affect the digestibility to a 
considerable extent. Whale meal of comparable quality 
with those mentioned above have also been tested in 
Swiss experiments with rats (28). In the same order as 
used in the table above, the true digestibility of protein in 
the three types of whale meal was 98, 79, and 82 : the 
corresponding figures for the calculated biological value 
were 74, 51 and 46. 

Feeding experiments with dairy cows 

As stated above, in 1892-93 an experiment was carried 
out to compare whale meal and herring meal with a 
mixture of linseed meal and rapeseed meal (30). The 
experiment was conducted according to the design for the 
Danish type of group experiments. Twenty cows were 
divided into two groups, and two experimental periods 
were used. In the first, whale meal was used, and in the 
second herring meal. The fat content and the average 
quantities of the two meals used were as follows : 



Fat content Daily quantity fed 



Whale meal 
Herring meal 



28-8 
14-3 



1-1-5 
1-1-5 



The effect of the whale meal on the yield was : 



kg. of milk Fat percentage 





Control 




Control 






(oil 


Exp. 


(oil 


Exp. 




seed 


(whale 


seed 


(whale 


Group 


meal) 


meal) 


meal) 


meal) 


Preliminary period, 30 days 


9-1 


9-1 


3-36 


3-50 


Experimental period, 30 days 


7-7 


8-3 


3-49 


3-47 


Change 


-1-4 


-0-8 


+0-13 


-0-03 


Response to whale meal 




fO-6 




-0-16 



The whale meal decreased the fat percentage, but this 
effect was more than counteracted by the increasing effect 
on the milk yield. An investigation of the butter quality 
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kg. milk per day 



Fat% 



kg. ofF.C.M. per day Live weight kg. 



Group 


Control 


Exp. 


Control 


Exp. 


Control 


Exp. 


Control 


Exp. 


Preliminary period, 26 days. 


11-6 


11-5 


3-46 


3-53 


10-66 


10-69 


425 


428 


Experimental period, 39 days 


10-2 


10-7 


3-52 


3-48 


9-47 


9-87 


431 


434 


Change .... 


-1-4 


-0-8 


10-06 


-0-05 


-H9 


-0-82 


+6 


+6 


Response to herring meal . 




+0-6 




-0-11 




i 0-37 




rtO 



revealed no deleterious effects from whale meal or from 
herring meal. 

During the years 191 1-14, Isaachsen et al (20), carried 
out group experiments with 32 cows, and period experi- 
ments with 23 cows, to compare cottonseed meal and cod 
liver meal (31-4 per cent fat). In the group experiment 
1 -28 kg. of cottonseed meal was replaced by 1 -04 kg. of 
cod liver meal on the average per day. The effect on the 
yield is shown below : 

kg. of milk per day Fat percentage 





Control 


Exp. 


Control 


Exp. 




(cotton 


(cod 


(cotton 


(cod 




seed oil 


liver 


seed oil 


liver 




meal} 


meal) 


meal) 


meal) 


Preliminary period, 30 days 


11-3 


11-7 


3-40 


3-35 


Experimental period, 50 days 


10-1 


10-5 


3-45 


3-05 


Change 


-1-2 


-1-2 


+0-05 


0-30 


Response to cod liver meal 









-035 



The cod liver meal reduced the fat percentage by 0-35 
units, while the milk yield was not affected. A similar 
decrease in the content of fat of the milk was noted in the 
period experiments. The feeding of the fat-rich cod liver 
meal did not influence the quality of the milk. The butter, 
however, became soft and oily, although without having 
any distinctly fishy flavour. 

When the fat content of the cod liver meal was reduced 
to 8-3 per cent, by extraction, Isaachsen et al. (19) found 
only a small decrease in the fat content of the milk 
(0-05). This was demonstrated in group experiments 
with 42 cows. An average daily quantity of 1 -2 kg. of 
groundnut meal was replaced by 1 -2 kg. of extracted cod 
liver meal. It is, therefore, clear that the reducing effect 
on the fat percentage of the milk could be accounted for 
by the fat content (cod liver oil) of the meal. 

In two series of group feeding experiments, carried out 
in 1920-21, with 20 and 32 cows respectively (24), two 
types of air-dried, bone-rich white fish meal containing 
5-9 and 1-8 per cent of fat, were compared with cotton- 
seed meal. 0-5 and 0-9 kg. of cottonseed meal was 
replaced by 0-75 and 1 kg. offish meal respectively. The 
response in milk yield to fish meal, calculated on the basis 
of the changes from the preliminary to the experimental 
periods, in the same way as in the tables above, was as 
follows : 





kg. of milk 


Fat % 


kg. ofF.C.M. 


Series 1 . 
Series 2 . 


-fO-41 
-0-47 


-FO-05 
-0-01 


+0-52 
-0-43 



As mentioned previously, herring meal is the most 
important fish meal in Norway. Accordingly, the 
greatest number of experiments has been carried out with 
this meal. 

In a group experiment with 20 cows Isaachsen et al. 
(22) compared herring meal with cottonseed meal. No 
difference in milk yield was found, but the differences in 
live weight were slightly in favour of the herring meal. 

In 1919-20 (23), herring meal (11-3 per cent fat) was 
compared with groundnut meal (8-4 per cent fat) in 
comprehensive group experiments with 74 cows, divided 
into two groups (paired feeding). The average daily 
quantity of herring meal during the experimental period 
was 1-13 to 1*16 kg. of groundnut meal (control group). 
The effect on the yield is shown in the table above. 

The small change in fat percentage was more than 
counteracted by the increase in milk yield. During the 
same years a salt-rich herring meal (8-3 per cent fat and 
8-10 per cent NaCl) was compared with groundnut meal 
(12-2 per cent fat) in a group experiment with 20 cows. 
0*7 kg. of groundnut meal was replaced by 0-85 kg. of 
herring meal, in the experimental group. The response to 
herring meal, calculated as shown above, was as follows: 

Fat Live weight 

kg. of milk percentage kg. ofF.C.M. kg. 

+0-2 0-03 +0-12 {3 



In another group experiment, with 20 cows, also 
divided into two groups, ordinary herring meal was 
compared with salt-rich herring meal. The two types of 
herring meal were nearly equal in their effect on the milk 
yield. 

In two experiments, comprising 33 cows, 2 kg. of salted 
herring (9-1 per cent fat) was replaced by 0-5-0-6 kg. of 
herring meal (9-5 per cent fat) + 0-2-0-3 kg. of maize 
meal (Isaachsen et al., 1922). The milk yield was not 
altered, but the fat percentage was somewhat lower for 
salted herring. 

During most of World War II, 1940-45, herring meal 
was the only protein concentrate available in Norway. 
Wood cellulose and herring meal were used as substitutes 
for ordinary grain mixtures. The results attained by this 
feeding were as a rule satisfactory. As the frequency of 
ketosis and tetany rose during the war, however, this was 
naturally ascribed to the cellulose feeding. Experiments 
were therefore started with war-time rations in com- 
parison with ordinary rations (2). 

The war-time rations were made up of small quantities 
of hay, straw, and roots, with up to 6 kg. of cellulose and 
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2 kg. of herring meal. In the last experiment, cellulose 
and herring meal supplied 74 per cent of the estimated 
net energy requirements, and 90 per cent of the require- 
ments for digestible protein, during the winter season. 
In 12 cows on this war-time feeding there were no signs 
of ketosis, whereas ketosis symptoms were noted in 4 out 
of 12 cows on ordinary feeding. However, hypo- 
magnesaemia and one case of tetany occurred in the cows 
on the cellulose-herring meal feeding. This experiment 
seems to be the first in which hypomagnesaemia has been 
produced in dairy cows. The apparent cause was the low 
intake of magnesium, 8-10 g. a day to 20-25 g. at 
ordinary feeding. A magnesium supplement, therefore, 
proved to be well founded for improving the poor war- 
time rations. 

In later years the justification for continuing the use of 
fish meal in ruminant feeding has been discussed. Import 
of oil seed meal for dairy cows and export offish meal for 
supplementing all vegetable rations for pigs and poultry 
used abroad have been advocated. The farmers com- 
plained of this program, having great confidence in 
herring meal for ruminant feeding. The extensive research 
work since about 1920, mentioned above, seemed to 
support the farmers' view. It should, however, be 
remembered that conditions have changed greatly for 
the better during the last 30-40 years. Earlier harvesting 
of grassland crops and the introduction of reliable ensiling 
methods have greatly improved the forage quality. 
Further, introduction of standardized feed mixtures and 
mineral mixtures have made it easier to achieve balanced 
feeding. It was, therefore, deemed necessary to carry out 
a new series of experiments with dairy cows where these 
factors were taken into consideration (7). 

In these experiments concentrate mixtures with and 
without herring meal were compared. The composition 
of the mixtures is shown here: 



experimental period, and the average daily yield for the 
preliminary and the after periods are shown thus : 



Mixture 


DI 


DII 


AI 


All 


% dig. crude protein . 


40 


40 


15 


15 


Herring meal 


30 





10 





Oil seed meal 


44 


96 


2 


18 


Grain products . 


26 


4 


88 


82 



In the experimental period mixtures D I and A I were 
replaced by D II and A II in the experimental group. 
The basic rations made up of hay, grass silage, alkali- 
treated straw and roots, supplied about 7 feed units a day. 

The daily quantity of herring meal was about 0-5 kg. 
per day, supplying about one-fourth of the daily protein 
intake, or more than two-fifths of the protein supplied 
in the concentrates. 

Three experiments were carried out with 66 
individually-fed cows divided into two groups. The 
experiments lasted about 20 weeks and were divided into 
a preliminary period (6 weeks), an experimental period 
(10 weeks), and an after period (4 weeks). 

The responses to herring meal, calculated on the basis 
of the differences between the daily yield during the 



Experiment 1 
Experiment 2 
Experiment 3 
Average . 



Response to herring meal 
kg. ofF.C.M. per day 

-0-20 

0-19 
-0-26 

0-22 



The experiments gave very consistent results. Feed 
mixtures containing herring meal gave a slight decrease 
in milk yield, but this response was not significant, not 
even when all three experiments are calculated together 
(0-1 > P > 0-05). It is therefore concluded that herring 
meal and oil seed meal can replace each other in grain 
mixtures for dairy cows, according to the content of 
digestible protein. In the last two experiments, the groups 
were subdivided with respect to intake of protein. The 
levels of production feed were 45 and 60 g. respectively, 
of digestible protein per kg. of F.C.M. At the lower level 
there was no difference in yield at all between groups 
which were fed mixtures with and without herring meaL 

The fat content of the milk was not changed by the use 
of herring meal (+0-01 per cent). In two of the experi- 
ments, however, a significant increase was found in the 
protein content of the milk (+1-9 g. per kg. milk), but 
this was not the case in the third experiment which was 
carried out on another farm. 

In the second experiment, organoleptic judgements 
throughout the experiment showed no differences in the 
milk quality as regards oxidation and feed flavour that 
could be ascribed to the feeding of herring meal. 

The results obtained are in good agreement with the 
findings of Hvidsten et aL (18), which show that herring 
meal fed to dairy cows had no significant effect on the 
development of oxidized flavour in milk. 

The content of polyenoic, fatty acids in the milk fat was 
studied in experiments 2 and 3 with the kind collaboration 
of Professor Notevarp at the Norwegian College of 
Technology. The results of the determinations are given 
below in per cent (on weight basis): 

Indoor feeding 







Herring 


Oil seed 








meal 


meal 


Pasture 


Hexaenoic . 




0-24 


0-12 


0-06 


Pentaenoic . 




0-25 


0-19 


0-16 


Tetracnoic . 




0-16 


0-17 


0-18 


Trienoic, unconjugated 




0-68 


0-71 


0-96 


Trienoic, conjugated 
Dienoic, unconjugated 




0-04 
1-28 


0-04 
1-36 


0-06 
1-27 


Dienoic, conjugated 




0-75 


0-73 


1-31 


Total polyenoic acids 




3-40 


3-32 


4-00 



The contents of hexaenoic and pentaenoic fatty acids 
were increased by the feeding of herring meal. Otherwise, 
the experiments confirmed the well-known fact that the 
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\ serum-Ca 


% ash in fat-free dry matter 
in bone (Atlas) 


Gain in live weight 
g. per day 


Feed mixtures 

Experiment 1 . No herring meal 
Experiment 2. 1 5 % of herring meal . 


Control 

8-0 
10-8 


Cod liver oil 

10-6 
10-6 


Control 

47-9 
54-9 


Cod liver oil 

51-1 
54-3 


Control 

649 
865 


Cod liver oil 

745 
864 



content of polyenoic acids of the milk fat in ruminants is 
only to a very slight extent affected by the feeding. 

Feeding experiments with young cattle 

In order to supplement feeding experiments with dairy 
cows, Ekern is also carrying out five experiments with 
young cattle, from 1 to H years old. The experiments 
are still in progress, and only preliminary results are 
available. Ninety-six animals, divided into two groups, 
are used. In the experimental group 0-2-0-4 kg. of 
herring meal has been used every day as sole protein 
concentrate, while 0-3-0-6 kg. of oil seed meal mixture 
has been fed to the control group. Different basic rations 
are used. The feed intake has been equalized with respect 
to net energy, digestible protein, and minerals. The 
protein intake has been kept at a moderate level. The 
results, as regards live weight gains, are given here: 

g. weight gain per day 













Oil seed meal 


Herring meal 


Experiment 


No. 


1 






722(100) 


831 (115) 


Experiment 


No. 


2 






706(100) 


745 (106) 


Experiment 


No. 


3 






1073(100) 


1167(109) 


Experiment 


No. 


4 






789 (100) 


859 (109) 


Experiment 


No. 


5 






539 (100) 


603(112) 



A response in live weight gain has been obtained in all 
experiments. The difference is significant, calculated on 
the basis of all experiments (0-01 > P > 0-001). 

In Experiment 4, two different rations have been used. 
There was some difference in response in live weight gain : 



kg. per day 



g. weight gain per day 

Supplemented with 

Oil seed Herring 

meal meal Oil seed meal Herring meal 



Basal ration 

Hay and treated 

straw 0-60 0-41 793(100) 881(111) 

Hay, treated straw, 

and silage 0-26 0-18 785(100) 835(106) 



The liberal quantity of herring meal required to supple- 
ment poor rations seems more effective than the small 
quantity needed for better rations. In this connection it 
should be mentioned that the basic rations were rather 
poor, especially in Experiment 1 . 

According to these experiments there seems to be no 
doubt that herring meal increases the growth rate in 
young cattle. We are unable as yet to explain this effect. 
Economic reasons all but prohibit the use of amino acid 
supplements for cattle. Later it may be possible to carry 
out rumen studies. We have initiated studies of the serum 
protein, but they have not advanced so far that any results 
are available. 

Jn an experiment on A and D supplements for young 
calves, Hvidsten (17) obtained no response to D supple- 
ments in calves receiving 15 per cent herring meal in the 
grain mixture (115 g. of herring meal per day). Since 
herring meal supplied 460 I.U. of vitamin D per day, 
there was no need for any further supplementation. 
Some observations from these experiments are shown 
in the above table. 



Feeding experiments with sheep and goats 

In Norway herring meal has been widely used to supple- 
ment feed rations for sheep and goats. The farmers arc 
convinced of the great value of herring meal in the feeding 
of these animals. This opinion is very often based on 
experiences gained by using herring meal to supplement 
poor rations, deficient in energy and protein, as well as 
in other nutrients. Herring meal has thus proved a 
valuable supplement for sheep on winter pasture (heather 
and other plants) of low nutritive value. Jt is evident that 
under these conditions, concentrates other than herring 
meal also would do very well, especially when mineral 
supplements also are used. 

We have not yet been able to start studies comprising 
systematic comparisons of herring meal and oil seed 
meals, like those with cattle, mentioned above. 

From a series of lamb feeding experiments (16) the 
following results may give an idea of the value of herring 
meal as supplements to plant rations : 



Intake 










Gain in live- 


Wool fibre 


N-balance 






Feed 


8. dig. 


weight per day 


diameter 


g/day 


Basal rations 


Supplement 


units 


protein 


g- 


/* 




Hay, silage, roots 


None 


0-50 


52 


8 


28-5 


+2-72 


Hay, silage, roots 


35 g. of herring meal 


0-54 


71 


39 


30-3 


+4-32 


Hay, silage, roots 


40 g. of barley meal 


0-53 


53 


18 


28-9 


+2-87 


Hay, silage, treated straw 


35 g. of herring meal 


0-47 


40 


41 


30-0 


+0-99 
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The small quantity of herring meal (1 J ounce a day) 
has greatly improved the performance of the rations as 
to live weight gain. The cause of the apparent discrepancy 
between live weight gain and N-balance in the last group 
may be a high water intake with a corresponding high 
urine quantity. It is a common experience that treated 
straw leads to an increase in water intake, and it is 
perhaps necessary to use more long-lasting preliminary 
periods than usual, in balance experiments with such 
feeds. The wool fibre diameter in the two groups supple- 
mented with herring meal was significantly higher than 
that in the first group, calculated on the basis of the 
differences between autumn and spring wool. These 
findings are in line with the experiences gained by sheep 
farmers in Norway, that feeding of herring or fish 
products during winter season gives good responses in 
the wool production in sheep. 

Discussion 

In a number of Norwegian experiments with ruminants, 
fish meal has proved a valuable feed in supplementing 
rations made up of straw, hay, silage, and roots. In some 
old experiments with dairy cows, replacement of oil seed 
meals by herring meal has been shown to raise the milk 
yield. It should be taken into consideration that in these 
experiments the cows were fed on hay left standing out a 
long time and that the rations used have been somewhat 
poor and none too well balanced, especially in respect of 
substances other than protein. In more recent experi- 
ments, in which hay and silage of early-cut grass and well- 
balanced rations were used, it was not possible to confirm 
that grain mixtures with herring meal give higher milk 
yield than grain mixtures with oil seed meals fed as sole 
protein concentrates. However, in two experiments, the 
herring meal significantly increased the content of milk 
protein. 

In young cattle fed on different well-balanced basic 
rations, the replacement of oil seed meal by herring meal 
led to a significant increase in live weight gain. 

Herring meal and other fish meal of high quality should 
undoubtedly be classified as valuable protein concen- 
trates for ruminants. They may replace other protein 
concentrates, according to their contents of digestible 
protein. The high content of some minerals, especially 
Ca, P, Na, Cl, I, and vitamin D (herring meal) may be an 
asset, especially in supplementing poor rations. 

It is doubtful whether the high protein quality of fish 
meals is of any special value. As stated above, herring 
meal has been found to raise the protein content of milk, 
and it has further proved most effective when the protein 
intake is kept at a low level. When liberal quantities were 
fed, it was not possible in Danish experiments to find any 
response in live weight gain to herring meal replacing oil 
seed meals in the feeding of young calves (8). 

It has been indicated (25) that high-quality protein may 
possibly give a response above the level at which the 
rumen microbes are able to synthesize protein even in 



ruminants. Our experiments neither prove nor disprove 
this hypothesis. 

Experiments by Chalmer, Synge, and Marshall (3, 4, 5) 
have demonstrated that protein in herring meal may be 
better utilized in the ruminant than protein in oil seed 
meal and that this can be ascribed to the fact that herring 
meal protein is more resistant to degradation in the 
rumen. We have not been able to carry out more than 
preliminary observations on the protein degradation in 
the rumen. In recent work on young calves at Rowett 
(Whitelaw et al. (33)) live-weight gain as well as nitrogen 
retention was significantly higher on fish-meal diet than 
on isonitrogenous groundnut diets. Differences were also 
found in urinary nitrogen losses and blood urea concen- 
tration. The solubility for nitrogen was much lower in 
fish meal than in groundnut meal. On the basis of 
existing experiments, Blaxter (1) does not consider it 
likely that there are significant differences in biological 
value of proteins in ruminants, like those demonstrated in 
single-stomach animals. 

The marine fats in certain fish meals have been found 
to reduce the fat percentage of milk in proportion to the 
quantity of fat fed. The experiments by Isaachsen and 
associates in Norway seem to be the first experiments in 
which the fat-reducing effect of cod liver oil has been 
demonstrated. Later, this effect has been confirmed by 
many, especially by English and American investigators 
(9, 10, 1 1, 26, 29). Recently, Shaw (32) demonstrated that 
cod liver oil lowers the proportion of acetic acid in the 
volatile fatty acids in the rumen. He thereby offered an 
acceptable explanation of the decreasing effect of the cod 
liver oil on the fat percentage. 

It should be noted that in our experiments on herring 
meal the fat percentage of the milk has been affected only 
to a very small extent, at levels of about 1 kg. of herring 
meal a day, and not at all at about 0-5 kg. It should then 
be taken into account that during storage the fat in 
herring meal is mildly oxidized, the iodine number of the 
herring meal fat being 70-90 to about 140 in genuine 
herring oil. 

In our experiments we have no parallel to the powerful 
effect of cod liver oil fed to dairy cows on the composition 
of milk fat as demonstrated by Hilditch et al. (13). It 
seems, in our experiments, that milk fat, as well as body 
fat in cattle, is rather resistant as far as the influence of 
feeding is concerned. 

On the request of Dr. Dahl, Malmfl, Sweden, we fed 
herring meal and oil seed meal for several weeks to two 
cows which were to be slaughtered. It was not possible 
to demonstrate that the polyenoic fatty acids, charac- 
teristic of herring meal, were transferred to body fat (6). 

The good results attained by using herring meal as a 
supplement in the feeding of sheep have been confirmed 
in experiments carried out in Iceland (12, 27). 

As to the acceptability of fish meal to ruminants, only 
very slight difficulties are encountered with herring meal, 
even when it is fed as sole concentrate. Some time may 
be needed to get the animals accustomed to herring meal; 
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and some animals, one in twenty or more, may refuse to 
take herring meal when not mixed up with other con- 
centrates. 

Practical experience has shown that the slightly brown 
herring meals are preferred. While the herring meal is 
acceptable, the air-dried, bone-rich fish meal is less suited 
for ruminants, as many animals refuse to eat it. 
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DISCUSSION 

On the paper submitted by Dr. K. Breirem and his colleagues, 
DR. J. KIELANOWSKI (Poland) remarked: Unpublished data 
obtained by Czaja in Poland seem to show that high-produc- 
ing cows, yielding more than 25 kg. milk per day, respond 
more favourably to high quality fish meal than to other 
concentrates containing a similar amount of protein with a 
lower biological value. It has been reported that the growth of 
calves is increased, when they are fed on "starter'* prepara- 
tions containing fish meal. These results are more of a theo- 
retical than of a practical interest, since fish meal certainly 
can be fed more profitably to pigs and to poultry than to 
ruminants. 

DR. I. W. MCDONALD (Australia) : Contrary to some opinions 
expressed in these meetings, the ocean is not the last frontier 
for high quality protein production. Agriculture can produce 
a lot more high quality protein than it is supplying at present. 
Dr. Kesteven pointed out that knowledge of ocean ecology is 
too incomplete to permit predictions of its potential produc- 
tion of high quality protein. But the ecology of pastures 
also is not too well known. Of all farm animals, the ruminant 
is the least exacting as to the quality of protein required, and 
the least competitive with man in nutrient requirements. 
We must place ruminants in proper perspective in regard to 
production of food for man, and keep in mind the fact that, 
with a rising standard of living, people tend to eat less fish 
and more meat. 

DR. M. A. RAAFAT (U.A.R.): Cottonseed cake is much less 
expensive in Egypt than fish meal, and therefore the former is 
used for ruminant feeding. Poultry production is still limited 
in our country, and therefore our fish meal consumption per 
capita is not great. 

DR. G. BoRGSTRttM (U.S.A.): The comments made by Dr. 
McDonald lead me to observe that the biomass of livestock 
corresponds in terms of consumption of protein to almost 
13 billion humans of average size (70 kg.). This includes 
draught animals required for present day food production. 
Cattle represent approximately 10 billion, pigs, 1-3 billion, 
and poultry about 650 billion. While the ideas expressed by 
Prof. Breirem are undeniably correct, it should be kept in 
mind that ruminants constitute a "beach-head" in the plant 
kingdom, because they utilize celluloses and other organic 
compounds that man cannot digest. The gap between the 
"haves" and the "have-nots" becomes wider, when we 
consider the relative consumption of animal products. Only 
one-tenth of the world's food intake is of animal origin. In 
terms of consumed protein, however, one-third is represented 
by animal protein. But more than 50 per cent of this protein 
is eaten by less than 500 million people. We are using an 



330 



Fish Products for Ruminant Nutrition Discussion 



overwhelming proportion of world resources to feed a minor- 
ity of the world's people; most humans are vegetarians, not 
by choice, but by force of circumstances. There is no argu- 
ment with the viewpoints presented by Prof. Breirem and 
others, that the use of fish meal contributes toward greater 
efficiency in ruminant and other animal nutrition. Such 
conversion should be strongly endorsed, but should not 
reduce the efforts to accomplish a better direct use by humans 
of all fish resources. As things now stand, the poultry, pigs, 
and cattle of the well-fed nations may be thought of as 
depriving the malnourished millions of this high quality 
protein indispensable for their well being. This is a challenge 
for food technology. 

DR. J. C. SHAW (FAO): In the near future, perhaps all the 
available fish oil will be used to control rumen fermentation 
in the production of both meat and milk, since we now know 
that certain unsaturated acids can be so used. 

Meal and ruminants 

Dr. McDonald was asked whether the utilization of protein 
in the rumen can be increased by control of the type of carbo- 
hydrate ingested. He replied: There is considerable scope for 



increasing the utilization of nitrogen by varying the remainder 
of the ration. The ruminant depends to a large extent on 
microorganisms in the rumen to transform inorganic nitrogen 
and low-grade proteins into the amino acids required by the 
animal. If microorganisms are present in the rumen with 
adequate starch and related carbohydrates, the source of 
nitrogen has little importance. In grains there is plenty of 
protein for ruminants; but if some cheap source of starch 
becomes available, inorganic nitrogen can be utilized in meat 
production. 

DR. A. M. LEROY (France): We have been led to believe that 
the biological value of proteins is unimportant in ruminant 
nutrition; actually, superior results are obtained with com- 
plete proteins. 

DR. K. BREIREM (Norway): Nitrogen balance and growth 
experiments show air-dried herring meal about equal to the 
steam-dried product. 

PROF. H. CABALLERO (Chile): In certain countries, low-cost 
high-quality protein supplements will always be in demand. 
For young ruminants, fish meal is valuable in "calf starter" 
rations; in effect this conserves milk for human consumption, 
the calf utilizing fish meal instead of milk. 




Scientific feeding of pigs (see following article by R. Braude) must include an adequate ration of protein much of 

which can be well supplied by fish meal. By good feeding this line of pigs has been maintained in health and 

brought to superb condition. Former and Stockbreeder photograph. 
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Section 2b: PIG NUTRITION 

FISH AND FISHERY PRODUCTS IN PIG NUTRITION 

by 
R. BRAUDE 

From lime immemorial, fish surplus to human requirements and occasional fish waste have often found their way into the pig trough. 
From this casual, and often haphazard practice, particularly concentrated in areas bordering the sea, the nutritional value of fish products 
for pigs has been gradually recognized and scientifically studied. 

Industrial exploitation in this field, which started in the second part of the last century, has firmly established fish products as 
important feedingstuffs. In many parts of the world a large industry has developed which, in addition to the surplus and waste from the human 
table, uses vast quantities of fish especially caught for this purpose. In the early stages of this development most of the scientific effort was 
directed towards measuring the quality of the fish products, and proving their nutritional value for different classes of livestock. Once the 
value was recognized, however, the demand for some of the products began to exceed the supplies, and the current problems are how to 
control the quality of the available limited supplies and how to use them to the best advantage. 

The most important fish product used in pig feeding is fish meal. Fish silage has in the last few decades been used extensively in 
some countries. Fish oil and fish solubles have their application. Raw fish is used only in very special circumstances. 

There exist fish products of very high nutritional value for pigs, but also some devoid of any value at all. Each specific product one 
could say each specific consignment has to be judged on its merits. The overall guiding principles on which to base such judgement have 
been established, and in some countries quality standards for fish products as animal feedingstuffs have been developed. 

The composition of the fish product will determine its application in practical pig rations. Usually fish products arc added in 
relatively small quantities in order to balance the mixture for essential nutrients. The main contribution that fish products can make is by 
augmenting and improving the protein, mineral and vitamin components of rations. Whether fish products also supply growth factors, as 
yet unidentified, remains an open and widely-discussed question. The amount of fish products which should be used will depend not only 
on their own quality, but also on the quality of the ingredients to which they arc added; this will also depend on the age and type of pigs to 
be fed, and on the level of performance expected from them. 

Perhaps the most important factor on which the future use of fish products in pig rations depends is the cost of supplementation. 
Nowadays pig rations can be balanced satisfactorily in many different ways, and the use offish products for this purpose must be economically 
competitive with other methods of supplementation. 

The full paper will include a critical survey of literature and tabulated data on all subjects mentioned in this brief synopsis. 

POISSON ET PRODU1TS DU POISSON DANS L' ALIMENTATION DES PORCS 

Depuis des siecles, le poisson excedentairc en consommation humaine et les dcchcts occasionnels de poisson ont souvent trouve leur 
destin dans 1'auge du pore. Cettc pratique occasionnelle et souvent fortuite a pcrmis de reconnaitre et d'6tudicr la valeur nutritive des produits 
<Ju poisson pour les pores. 

Dans ce domaine, Fexploitation industrielle (qui a dbute dans la deuxieme partie du siecle dernier) a fermement etabli 1'importance 
.alimentaire des produits du poisson. Dans de nombreuses parties du monde, il s'est developpe une grande industric qui utilise, en plus des 
cxcedents et dechets de la consommation humaine, de larges quantites de poisson capturees directement a ce but. Dans les premieres etapes 
de son d6veloppement, la plus grande part de Teffort scientifique a 6te dirigee vers la mesure de la qualite des produits du poisson, et vcrs la 
definition de leur valeur alimentaire pour diffe rents types dc bcstiaux. Quand cette valeur eta it reconnue, la demande pour quelqucs-uns des 
produits du poisson commenc.ait a exceder les ressources, et les problemes courants portent maintenant sur la facon de contrdler la qualite 
des ressources limitees disponibles et de les utiliser au mieux. 

Le produit du poisson le plus important qui soit utilise dans 1'alimentation du pore est la farine de poisson. Le poisson d'ensilage a 
et6 largement utilise au cqurs des dernieres decades dans quelques pays. L'huile de poisson et les solubilises de poisson ont leurs applications. 
Le poisson brut n'est utilise que dans des circonstances tres speciales. 

II existe des produits du poisson de tres haute valeur nutritive pour les pores, mais il en est aussi qui sont sans aucune valeur. Chaque 
produit specifique (et, pourrait-on dire, chaque livraison spdcifique) doit etre jugee selon ses merites. On a etabli les principes guides generaux 
sur lesquels baser un tel jugement, et dans quelques pays on a defini des normes de qualitd pour les produits du poisson destinds a Talimenta- 
tion du betail. 

La composition du produit du poisson doit determiner son application dans les rations pratiques pour les pores. Habituellement, 
les produits du poisson sont ajouts en quantites relativement faibles pour equilibrer dans le melange les dements nutritifs essentiels. La 
contribution principale que peuvent apporter les produits du poisson consiste dans une augmentation ct dans une amelioration des composants 
proteiques, mineraux et vitaminiques des rations. Que les produits du poisson fournisscnt 6galement des facteurs de croissance non encore 
identifies, c'est la une question qui reste ouverte et largement discutee. La quantite des produits du poisson qui doit 6tre utilises ne depend pas 
seulement de leur propre qualite, mais aassi de la qualite des ingredients auxquels ils sont ajoutes; elle depend cgalement de 1'age et du type 
de pores a nourrir et des performances qu'on attend d'cux. 

II est possible que le facteur les plus important dont depend 1' utilisation future des produits du poisson dans les rations des pores 
soit le cout de la supplementation. Aujourd'hui, les rations pour les pores peuvent &trc equilibrees d'une facon satisfaisante de differentes 
manieres, et I'utilisation des produits du poisson a cet effet peut etre cnfin competitive sur le plan economique avec les autres methodes de 
supplementation. 

L'article complet comprend un cxamen bibliographique critique et des donnees chiffrees sur tous les sujets mentionnes dans ce bre 
expose, 

EL PESCADO Y LOS PRODUCTOS PESQUEROS EN LA AL1MENTACION DE LOS CERDOS 

Desde tiempo inmcmorial el pescado excedente del consume humano y los desechos ocasionales de pescado han ido a parar a las 
gamellas de los cerdos. Esta costumbre ocasional y con frecuencia fortuita, que se da particularmente en lugares pr6ximos al mar, ha permitido 
reconoeer el valor nutritivo de los productos pesqueros en la alimcntaci6n de los cerdos. 

En este sector, la explotacion industrial, que comenz6 en la segunda mitad del siglo pasado, ha establecido firmemente los productos 
pesqueros como un pienso de gran importancia. En muchas partes del mundo se ha creado una gran industria que, ademas de aprovechar los 
excedentes y desperdicios del consume humano, utiliza cnormes cantidades de pescado especialmente capturado con esta final idad. En las 
primeras etapas de esta innovaci6n, casi todos los esfuerzos cientificos se cncaminaron a medir la cah'dad de los productos pesqueros y a demo- 
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strar su valor nutritive para diferentes closes de ganado. En cuanto se reconoci6 el valor, la demanda de algunos productos comenzo a exceder 
a la oferta, y los problemas actuates son c6mo regular la calidad de los limitados suministros de que se dispone y cual es su mejor uso. 

1 producto pesquero mas importantc emplcado en la alimentation de cerdos es la harina de pescado. 1 ensilado de pescado se 
usa estensamente en las ultimas decadas en algunos paises. Tambicn cncuentran aplicaci6n el aceite y solubles de pescado. 1 pescado bruto 
se emplea solamente en circunstancias muy especiales. 

Existcn productos pesqueros de elevado valor nutritivo para los cerdos; pero tambien hay algunos quc no tienen ningun valor. 
Cada producto especffico (o, mejor dicho, cada partida espccifica) se tiene que juzgar segun sus meritos. Se ban establecido los principios 
rectores generates sobre los cuales basar tal juicio, y en algunos paises se ban formulado normas de calidad para los productos pesqueros 
destinados a la alimentaci6n de los animates. 

La composici6n de los productos de la pesca determina sus aplicaciones en las raciones practicas para los cerdos. Habitualmente 
los productos pesqueros se adicionan en cantidades relativamente pequefias para equilibrar le mezcla de los elementos nutritives escnciales. 
La principal contnbuci6n que pueden aportar los productos de la pesca reside en un aumento y en una mejora de los componcntes proteicos, 
minerales y vitaminicos de las raciones. Si los productos pesqueros suministran tambien factores de crecimiento todavia sin identificar, es 
una cuestion abierta y largamente discutida. La cantidad de productos pesqueros que deberan usarsc no solo dependera de su propria calidad, 
sino depended tambien de la de los ingredientes a los que son adicionados; esto tambien dependera de la edad y del tipo de cerdos a ser 
alimentados, y del rendimiento que se espera de ellos. 

Es posible que el factor mas importante, del que dependera el empleo future de los productos pesqueros en la alimentacidn de los 
cerdos, sea su coste como complemento. Actualmente, las racioncs para los cerdos pueden equilibrarse satisfactoriamente de muchas maneras 
distintas, y el empleo de productos pesqueros con este fin debe ser capaz de contribuir econ6micamente con otros complemcntos. 

La comunicacidn completa incluye el examen bibliografico crftico y tablas de datos relatives a todas la cuestiones mencionadas en 
este breve resumen. 



DURING the last 50 years, reviews and general 
articles on the subject of fish meal and other fish 
products as animal feedingstuffs in general and as 
pig food in particular have been published in different 
countries: (7, 19, 30, 34, 40, 41, 60, 62, 66, 89, 98, 100, 
102, 115, 116, 150, 160, 168, 214, 215, 239, 240). 
In pig feeding the aim is to ensure: 

(1) Satisfactory reproduction. 

(2) Rapid rate of growth. 

(3) Efficient utilization of food. 

(4) Carcass quality desired by the market which is 
dictated by the requirements of the consumer. 

Although many factors in pig production ultimately 
determine the results, proper feeding is by far the most 
important. 70-85 per cent of the total cost of pig 
production lies in the cost of food. The choice of 
ingredients for pig rations must be governed by the 
nutritional requirements of the pigs, and the resulting 
balanced rations must be economically sound. 



In general, the attitude to supplementation of pig 
rations with fish products, particularly fish meal, is 
governed to a great extent by the availability of alterna- 
tive high-protein supplements. In Europe, for example, 
where the production of these is rather limited, fish meal 
has become a standard protein supplement, and therefore 
much attention has been paid to its quality which has 
progressively improved. In America, on the other hand, 
where high-protein vegetable supplements are in abun- 
dance, fish meal was until recently treated as of secondary 
importance and its quality received much less attention 
than, for example, in the United Kingdom or Scan- 
dinavian countries. 



Variation in composition of fish meal 

As there exist innumerable types and varieties of fish, 
that are procured by very many different methods, and 
as, moreover, tfye raw material can be processed in many 



TABLE I 
Composition of fish meals of different origin (H. Hubbell, 1961) 



Crude protein . 

Ether extract . 

Fibre . 

Ash 

Ca 

P . 

Choline . 
Nicotinic acid. 
Pantothenic acid 
Riboflavin 

Arginine 
Lysine . 
Methionine . 
Cystine . 
Tryptophan . 
Glycinc . 



mg./lb. 
mg./lb. 
mg./lb. 
mg./lb. 



S 



V 

/O 



Herring 

70-0 

7-0 

1-0 
12-0 

3-0 

2-0 

1,800 
40-0 
5-0 
4-0 

4-0 
6-3 
2-0 
1-1 
0-9 
5-0 



Menhaden 

60-0 

8-0 

1-0 
20-0 

5-0 

3-0 

1,500 
25-0 
4-0 
2-0 

4-0 
5-3 
1-8 
1-0 
0-7 
4-0 



Redfish 

57-0 

8-0 

1-0 
26-0 

7-7 
3-8 

1,400 
18-5 
3-0 
3-0 

4-0 
6-5 
1-7 
0-6 
0-6 
3-7 



Sardine 

65-0 

4-0 

1-0 
19-0 

4-5 

2-4 

1,300 
30-0 
3-0 

2-5 

2-7 
5-9 
2-0 
0-8 
0-5 
4-5 



Tuna 

62-0 
7-0 
1-0 

20-0 
4-0 
2-5 

1,400 
30-0 
4-0 
4-0 

5-3 
5-2 
1-7 
1-0 
0-7 
4-2 



White 
fish 

63-0 
2-0 
1-0 

22-0 
6-5 
3-5 

700 
30-0 
3-0 
4-0 

4-2 
4-3 
1-7 
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TABLE II 

Variation in composition of fish meal, per cent. (From Bollman (1959) 

who during the last 5 years has analysed 1,100 samples of fish meal 

from 18 countries) 











Mean 


Range 


Moisture 








8-26 


5-5-11-8 


Crude protein 








57-82 


42-3-68-8 


Crude fat . 








6-09 


1-8-11-1 


Salt . 








4-09 


0-9-15-6 


CaHPO 4 








13-93 


9-0-17-9 


Sand . 








2-71 


0-3-10-5 



different ways, it is obvious that the term "fish products" 
can only be a general one. 

Table I, which gives compositional details of six fish 
meals of different origin, as given by Hubbell (107), 
shows clearly that differences in specific nutrient contents 
may be quite considerable. In products designated by 
the same name and purporting to be of similar origin, the 
differences may be of similar or even greater magnitude. 
In Table II, reproduced from Bollmann (23), mean values 
and ranges are given for 1,100 samples of fish meal 
originating from 18 different countries. Woodman and 
Evans (241-245) in reports of their experiments with pigs 
gave compositional details of white fish meal employed 
by them; in Table III calculated means for 38 such 
consignments are given together with ranges. 

TABLE 111 

Variation In composition of white fish meal, per cent, used in Cam- 
bridge experiments by Woodman and Evans. (Samples from 38 
consignments) 











Mean 


Range 


Moist urer 








11-3 


5-7-14-9 


Crude potein 








62-9 


55-0-71-2 


Ether extract . 








3-6 


1-7- 5-9 


N-free extract 








0-6 


- 3-2 


Ash . 








22-3 


17-2-25-8 



Thus in computing practical rations it is of the utmost 
importance to recognize the fact that values derived 
from standard tables giving composition of feedingstuff 
refer to averages, and that the ranges associated with the 
averages may be very wide. 

Control of quality of fish meals 

Differences in composition of fish products may be 
attributed to many causes : variation in the composition 
of the raw material (including the proportion of whole 
fish and fish offal and contamination with sea animals 
other than fish), different methods of processing 
(including efficiency in removal of fat, heat treatment, 
etc.), contamination with some waste products or sand, 
etc. 

There exist fish products of very high nutritional value 
for pigs, but also some devoid of any value. Each specific 
product, one could say each specific consignment, has to 
be judged on its merits. The overall guiding principles 



on which to base such judgement have been established 
and in some countries quality standards for fish products 
as animal feedingstuffs have been developed. 

About 30 years ago Mach and Claus (155) reported a 
survey carried out in 22 laboratories in Germany on 
1,937 samples of fish meal, and classified 632 of them 
as objectionable for the following reasons : 

(1) Not fresh. 

(2) Sand content (ranging from 5 to 24 per cent instead 
of up to 1 per cent). 

(3) Sea-fauna impurities (crabs, crayfish, mussels, etc.). 

(4) Impurities of animal origin. 

(5) Excessive salt content (ranging from 5-4 to 13 per 
cent NaCl). 

(6) Excess of fat (over 5 per cent). 

(7) Too high moisture content (above 12 per cent). 

(8) Wrong description, etc. 

Some of these objections might not be considered of 
major consequence, but the list underlines the importance 
of controlling the quality of fish meals. 

In recent years, in many countries, big efforts have been 
and are being made to devise means of effectively con- 
trolling the quality of animal feedingstuffs, particularly of 
protein quality in protein-rich supplements. The 
difficulties with which these efforts are confronted are 
well summarized in the report just published by Boyne, 
Carpenter and Woodham (24) under the title "Progress 
report on an assessment of laboratory procedures sug- 
gested as indicators of protein quality in feedingstuffs'*. 
This report contains interesting information on fish meal. 

At a recent conference in Paris (1961), Professor Leroy 
summarized the available evidence on the subject, and 
suggested specific requirements to be fulfilled before a 
consignment of fish meal is classified as being of good 
quality. 

In Germany, Kummer and von Polheim (141) have 
subjected 412 samples offish meal to detailed analysis and 
classification. 

Nutritive value of fish meals 

In order to illustrate the value of fish meal as a supple- 
ment to pig rations, figures are given in Table IV showing 
the absolute and percentage contribution made by a 
definite quantity of fish meal to the nutrient composition 
of a specific ration. As an example, the Shinfield 7 per 
cent white fish meal ration was used, the ingredients of 
which are given in Table V. This ration is intended for 
growing pigs from 40 to about 120 Ib. liveweight, and it 
covers their conventional requirements for essential 
nutrients. In the last column of Table IV these require- 
ments are given as stated by the National Research 
Council (167). It can be seen from this table that this 
relatively small supplement of fish meal made a decisive 
contribution by bringing the content of nutrients in the 
mixture up to the level required. As far as major 
nutrients are concerned, this mixture without the fish 
meal would be deficient in crude protein, calcium, phos- 
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v^c/fiirrif c// inyyrcMfem.) 


Contributed by 




Fine 


White 


~D**,**^f*4s*r* *\f 


ArriV? 


rtnc 

wheat 


Fr rifle 

fish 


Cereals 


White fish 




m. . wrttM^f^ \fj 

total contributed 


NRC 


mefl/ 


offal 


meal 


92% 


meal 7% 


Total 


by fish meal 


requirement 


11-6 


15-5 


63-2 


12-2 


4-4 


16-6 


26-7 


15-0 


1-9 


4-2 


4-4 


2-6 


0-3 


2-9 


10-6 


1-5 


5-0 


5-0 





4-6 





4-6 








2-7 


3-9 


21-7 


2-9 


1-5 


4.41 


34-0 





0-09 


0-08 


7-87 


0-08 


0-55 


0-63 1 


87-5 


0-65 


0-47 


0-74 


3-61 


0*53 


515 


0-78* 


32-1 


0-50 


0-63 


0-80 


0-33 


0-64 


JJU3 


0-67 


4-5 


0-28 


0-2 


0-12 


1-65 


0-15 


0-12 


0-27 


44.4 


0-50 


0-14 


0-33 


0-10 


0-20 


<M5i 


0-21 


3-4 


0-40 



TABLE IV 

Detailed composition of ingredients of the Shinfleld 7 per cent fish meal ration with contribution of cereals and fish meal to the total nutrient 

content of the ration contrasted with NRC requirements for a pig weighing 50 Ib. 

Underlined figures are where fish meal makes an essential contribution 

Content of ration 



Crude protein . 

Ether extract 

Fibre 

Ash . 

Ca . 

P . 

K . 

NaCl 

Mg . 

Mn . 
Fe . 

Cu . . 

Vitamin A . 
Vitamin D. 
Choline 
Folic acid . 
Nicotinic acid . 
Pantothenic acid 
Pyridoxine . 
Riboflavin. 
Thiaminc . 
Vitamin B ia 

Arginine . 

Histidine . 

Isoleucine . 

Leucine 

Lysine 

Methionine 

Cystine 

Phenylalanine 

Thrconine . 

Tryptophan 

Valine 



mg./lb. 


8-3 


43-0 


6-5 


mg./lb. 


27-0 


44-0 


254-0 


mg./lb. 


3-9 


8-5 


3-8 


i.u./lb. 








i.u./lb. 








mg./lb. 


526 


447 


1,400 


mg./lb. 


0-28 


0-4 


0-5 


mg./lb. 


29-3 


55-4 


25-4 


mg./lb. 


3-3 


9-4 


4-0 


mg./lb. 


1-5 


8-0 


2-5 


mg./lb. 


1-0 


1-3 


2-2 


mg./lb. 


2-6 


7-8 


0-3 


g./lb. 








60 



/ 

/o 



0-6 
0-3 
0-6 
0-9 
0-6 
0-2 
0-2 
0-7 
0-4 
0-2 
0-7 



1-0 
0-4 
0-7 
1-1 
0-6 
0-1 
0-3 
0-5 
0-5 
0-2 
0-7 



4-0 
1-6 
4-1 
5-0 
5-5 
1-8 
1-2 
2-7 
2-9 
0-6 
3-6 



20-8 

31-3 

5-3 



454 
0-3 
36-9 4 
5-4 
3-85 
1-03 
4-37 



0-70 
0-31 
0-59 
0-90 
0-55 
0-15 
0-22 
0-57 
0-41 
0-18 
0-64 



0-5 

17-8 

0-3 



21-3 

49-1 

5-6 





2,250 s 




560 s 


98 


552 


0-04 


0-34 


1-8 


38-7 


03 


5-7 


0-17 


4-0 


0-16 


M9 


JF02 


4-39 


4-2 


4-2 



0-28 
0-12 
0-29 
035 
0-39 
5TT2 
(F55 

0-19 
0-20 

0755 



0-98 
0-43 
0-88 
1-25 
0-94 
0-27 
0-31 
0-76 
0-61 
0-23 
0-90 



1 Limestone not included in the calculation. 

2 As Ca has to be added, the P in fish meal helps to keep the Ca 
a Supplied by adding vitamin A and D supplement. 

4 Nicotinic acid in cereals is known to be not available to pigs. 
a Cystine can replace half of the requirement for methionine. 



P ratio right. 



2-3 

36-3 

5-4 



17-8 

11-7 

4-6 

5-0 

4-2 

13-4 

4-6 

100-0 

28-6 
27-9 
33-0 
28-0 
41-5 
44.4 

29-0 
25-0 
32-8 
21-7 
28-9 



400 



6-0 
5-0 
0-5 
1-2 
0-5 
5-0 

0-2 

0-2 

0-6 

0-6 

0-65 

0-6 ft 

0-5 
0-4 
0-2 
0-4 



phorus and salt. This fish meal supplement also made an 
important contribution to the content of some of the 
vitamins (B 12 , riboflavin, nicotinic acid and pantothenic 
acid). Its most striking and perhaps most important 
contribution is towards the essential amino acid content 
of the ration. At least 25 per cent of the total content in 
the ration of each amino acid was supplied by the 7 per 
cent fish meal supplement, and with some the contribu- 
tion exceeded 40 per cent of the total. Incidentally, it is 
interesting to note that, though the protein content of 
different fish meals may vary considerably, their amino 
acid content, when expressed as percentage of protein, 
varies little, and that Evans (74, 75) has shown no 
advantage from supplementation of a 7 per cent white 



fish meal ration with either 0-1 per cent 1-lysine or 0-2 
per cent commercial lysine. Puchal, Jones, Hayes and 
Speer (190) studied the utilization of various proteins by 
the baby pig as measured by performance and blood 
amino acid patterns, and suggested that the most limiting 



TABLE V 
Composition of Shinfleld, 7 per cent fish meal ration for pigs, per cent 



Barley meal 

Fine wheat offals 

White fish meal 

Limestone 

Vitamins A and D supplement 



54 

38 

7 

1 
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amino acids offish meal are phenylalanine and isoleucine. 
As far as the vitamins are concerned, it is generally 
accepted that vitamins A and D must be provided as a 
separate supplement to rations of growing pigs. Fish 
meal may supply some, but their content of vitamins A 
and D is usually low and very variable. Scheunert et aL 
(205) have rightly pointed out that with rations otherwise 
devoid of these vitamins the small contribution made by 
fish meal may be important. 



TABLE VI 

Vitamin B potencies (g./g.) of average samples of white fish meal 

produced in bulk in a factory in Great Britain. (Pritchard and 

Wraige, 1953) 



Nov.-Dec. 


May-June 


Moisture, per cent 9-56 


10-32 


Thiamine. 








3-9 


2-5 


Riboflavin 










13-5 


5-9 


Nicotinic acid 










46-0 


43-7 


Pantothcnic aci 


d 








11-8 


5-6 


Pyridoxine 










11-2 


2-7 


Vitamin B 12 
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Inositol . 
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The most instructive information on the B vitamins in 
fish meals is given in Table VI taken from Pritchard and 
Wraige (189). It presents amounts of the B vitamins in 
an average sample of white fish meal produced in bulk in 
the United Kingdom. It is clearly shown that the amounts 
can vary considerably, and that possibly a seasonal effect 
may be responsible for some of the variation. 

It is generally recognized that the vitamin B 12 content 
of fish meals is of great importance; and since the fish 
meal supplement is often the only source of this vitamin 
in a ration, it is important to note that occasionally it may 
prove inadequate. Recently W6hlbier, Kirchgessner and 
Giessler (237) reported that addition of vitamin B 12 to a 
ration supplemented with a Peruvian fish meal resulted 
in improvement in protein utilization. There was no 
improvement when Norwegian herring meal was used 
instead of the Peruvian fish meal. 

The other important criteria on which the value of fish 
meal and other fish products for pigs depends (not 
illustrated by the example given above) are: the moisture 
content, the oil content, the salt content, palatability, 
digestibility of main nutrients, biological value of protein 
and the rather controversial specific growth promoting 
factor(s), as yet unidentified. H. H. Mitchell wrote in 
1943: "available evidence clearly demonstrates that the 
great effectiveness of animal protein concentrates in 
promoting maximal production in swine is not due to 
their protein constituents, but rather to their higher 
contents of certain vitamins, of calcium, of phosphorus 
and possibly some micro-nutrients". 

The moisture content of fish meal is important for two 
main reasons : (a) it influences the overall nutritive value 
by determining the amounts of nutrients supplied by a 
given weight, and (b) it determines the storage life of the 



product. Richardson (193) has experimentally demon- 
strated, and it is now generally accepted, that the mois- 
ture content of fish meal should be below 8-10 per cent, 
as otherwise deterioration on storage may be substantial 
(mouldiness, bacterial spoilage, etc.)* A high moisture 
content may also lead to spontaneous heat development, 
which in extreme conditions may constitute a fire hazard. 
The oil content offish products is of particular impor- 
tance; it often may be the decisive factor in determining 
whether a fish product should be used in pig rations. Both 
the quantity and the quality of the oil has to be taken into 
consideration. They may affect the palatability of the 
product, its keeping quality and particularly the quality 
of the carcass (see later). 

The content of salt in fish products can be very high, 
but its effect on the pig has not been satisfactorily 
elucidated as yet. Mayerhttfer (164) claimed that fish 
meal with up to 9 per cent salt may be used in pig rations, 
and Korrell (128) recorded no harmful effects from 
feeding fish meal with 1 1 -24 per cent salt. Stang (222) 
and Honcamp et al. (104) compared the value of herring 
meals with different salt content, and concluded that 
feeding up to 300 g./pig/day of herring meals containing 
up to 19 per cent salt had no adverse effect on the pig. 
The impression was even created that the high salt 
content may have stimulated appetite of the pigs. Jt 
certainly increased their consumption of water. There 
were no adverse effects on carcass quality. Radeff (192) 
also found no ill effects with feeding fish meals containing 
up to 20 per cent salt. On the other hand, one should 
take into consideration the newer findings of Done, 
Harding and Lloyd (63), who demonstrated that in some 
circumstances excess of salt in the ration may have serious 
adverse effects on the pig. 

Acceptability of a product is of importance, as it may 
influence the intake of food by the pig. Smell and taste 
play their part, and even a relatively small amount of 
strongly smelling, stale, or mouldy material may affect a 
ration adversely. In extreme conditions, the pigs may 
refuse to eat it; but more often they may consume some 
of it and digestive upsets may follow. 

The chemical composition does not necessarily decide 
the nutritive value of the product. It is certainly not 
sufficient to evaluate fish meals solely on the basis of 
their protein content. Even if one excludes intentional 
adulterations (and there are several ways in which the 
protein content offish meal can be artificially raised), the 
fact that a fish meal has a high crude protein content does 
not necessarily signify high quality. The availability and 
utilization of nutrients often play a decisive role. One 
way of expressing the overall value of a feedingstuff is to 
state, beside the analytical values, the digestibility of its 
nutrients, and it is interesting to note that very early 
investigators of fish meal used this criterion (119, 145, 
231). The digestibility of crude protein and of fat in a 
good quality fish meal is high (90-100 per cent); but it 
may vary considerably with different consignments, 
depending to a great extent on the methods of processing. 
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For example, Honcamp et al. (103) determined the digesti- 
bility coefficient for a large number of samples of fish 
meal, and found the range for crude protein 90-8-94-4 
per cent and for crude fat 75-3-97-2 per cent. Schneider 
(209) found that digestibility and biological value of the 
protein differed considerably when he compared men- 
haden fish meal ration and vacuum dried white fish meal 
ration. The latter with 86 and 82 per cent was superior to 
the former with 74 and 70 per cent. More recently, 
Drzas and Skulmowski (65) have established digestibility 
coefficients for pigs of many feedingstuffs, including fish 
meals. 

Another way of expressing the overall value of a 
feedingstuff with a high protein content is to give the 
biological value of its protein. In general, the biological 
value of fish meal is high (70-90), and it is better than in 
most protein supplements which are commonly used in 
pig rations (extracted soya bean meal, around 70; 
extracted groundnut meal, around 60; peas, 60; beans, 
50; sunflower meal, 50). 

It is interesting that in experiments with pigs Columbus 
(48) has confirmed Mitchell's finding that biological 
value offish meal (like that of other proteins) depends on 
the level of protein in the ration, as shown in the follow- 
ing figures : 



Level of protein in the 

ration, g. /pig/clay 

50 

100 

150 

200 

250 



Biological value 
offish meal 
82-28 
95-01 
90-21 
83-33 
71-41 



One should, however, keep in mind a finding by 
Hennig (95) that there was no difference in biological 



value between proteins of animal and vegetable origin, 
when the test was done on adult sows. This finding 
awaits confirmation. 

About the unidentified factor(s) in fish products one 
can say very little at present. Most of the claims for its 
thin existence come from tests on small laboratory 
animals and chicks. In the past it was often associated 
with the so-called animal protein factor, and before the 
discovery in 1948 of vitamin B 12 there were many pointers 
that the pigs responded effectively to an unidentified 
nutritional factor present in fish products. Whether the 
observed effect can now be wholly explained by the 
vitamin B 12 content, or whether the latter offers only 
partial explanation and other as yet unidentified factors 
may be involved, is still a controversial issue. 

Classification of fish meals 

There are so many factors determining the nutritive value 
of fish products for pigs that it is very difficult to classify 
them in a way that would allow an easy identification of 
nutritional properties. In the United Kingdom three 
groups of fish meal are now clearly distinguished : 

White fish meal 
Herring meal 
Fish meal 

In white fish meal one expects a product prepared from 
white fish (like cod, for example) containing 1 per cent or 
less oil in the raw material, and simply dried to a meal 
which must not contain more than 6 per cent oil (usually 
2-3 per cent). White fish meal should contain 60-65 
crude protein of high biological value. Recently Olley 
and Watson (173) analysed a large number of samples of 
British white fish meal, and found them very uniform 
with "available lysine" value of about 6-2/100 g. of 



TABLE Vll 
Classification and composition of "fish meals", per cent (Breirem, 1953) 



I. Herring meal 

1 . Low in salt and fat 

2. Low in salt. 

3. Slightly salted . 

4. Salt rich . 

Herring press-water 

II. Fish meal 

1 . Air-dried fish meal (cod meal), old 

2. Air-dried fish meal, new 

3. Artificially-dried full fish meal 

III. Liver meal 

1 . Fat rich liver meal 

2. Low fat liver meal 

3. Low fat, salt rich liver meal . 

IV. Wholemeal 

1 . Fat rich whale meal, old 

2. Low fat whale meal 

3. Low fat whale meal (Nygaard) 

4. Whale feeding meal . 



Dry 
matter 

91-0 
90-5 
90-3 
90-0 
41-6 



85-9 
89-0 
91-8 



92-6 
90-0 
89-0 



92-5 
91-9 
91-1 
91-0 



Crude 
protein 

71-3 
66-5 
64-7 
56-5 
30-3 



53-9 
49-8 
73-8 



51-1 
70-4 

57-8 



76-2 
85-9 
86-2 
61-8 



Crude 



8-2 

1M 
9.4 

12-8 

2-5 



2-3 
1-4 
4-1 



29-0 
9-7 
2-0 



11-7 
4-6 
2-0 
9-6 



Ash 

8-8 
12-4 
14-4 
18-5 

8-3 



27-9 
34-8 
13-5 



4-3 

6-1 

23-8 

4-3 

2-6 

3-2 

14-6 



Salt 

1-6 

2-5 
5-1 
8-7 
2-4 



17-0 
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protein and digestibility of 96 per cent. Samples of 
Peruvian white fish meals analysed at the same time were 
very variable with "available lysine" values ranging from 
5-3 to 8-3/100 g. and digestibility above 89 per cent. 

Herring meal results from processing herrings with 
inherent high oil content, which by different methods is 
reduced to amounts that can be tolerated. The oil content 
of herring meal may vary considerably. In good-quality 
meal, it should not exceed 8-10 per cent. The crude 
protein content is usually a little higher than in white fish 
meal (65-75 per cent), and the protein has high digesti- 
bility and biological value. 

The "undefined" fish meal can be anything, ranging 
from a most satisfactory product to one with very little 
value as a feedingstuff, and intended to be used as a 
fertilizer. 

In different countries different classifications are 
adopted. Perhaps the most comprehensive is that in 
Norway, details of which were given by Breirem (29) 
which are reproduced in Table VII. Norway is obviously 
leading the field in the attempts to define their fish pro- 
ducts which are intended to be used as feedingstuffs. 

It is, of course, very difficult to decide which of the 
differences in the composition of the meal are material to 
the pig. Honcamp (101) and Wowra (247), for example, 
compared a cod meal containing 51-6 per cent crude 
protein and 30 per cent ash with a cod meal containing 
63-6 per cent crude protein and 22-7 per cent ash, and 
found no difference in the performance of the pig. 
Similarly, Fevrier, Jacquot, Matet and Pero (77) tested 
three fish meals, "ordinary" fish meal, "full" fish meal 
and fish meal hydrolysate. These were prepared by 
widely different methods of processing (all had similar 
crude protein content of 51-55 per cent), but the per- 
formance of the pigs to which these meals were fed was 
very similar on all three rations. 

Amount of fish meal to be used in pig rations 

The quantity of fish meal to be added to a ration of pigs 
depends on the following four major factors: 

(1) The intended quality of the ration (often depending 
on the class of pigs to which the ration is fed and 
on the level of performance expected from them). 

(2) The composition of the fish meal. 

(3) The composition of the rest of the ration. 

(4) The cost of the protein supplements. 

The above major factors are in turn influenced by 
many others which cannot be discussed here. 

The relatively high cost of fish meal and the frequent 
scarcity of supplies make it imperative that the amounts 
used in rations of growing pigs should be carefully 
measured with the aim of providing just enough to ensure 
the best possible rate of growth and efficiency of food 
conversion compatible with a specified quality of carcass. 
Above a certain level of supplementation these aims may 
be antagonistic to each other. An increase, for example, 
may result in an improvement in growth rate and 



efficiency of food utilization; but it may also cause 
deterioration in quality of the carcass and meat. On the 
other hand, an increase in amount of fish meal in the 
ration need not have any favourable results, and such an 
increase should obviously be avoided for economic 
reasons. 

The survey of literature which follows and the sub- 
sequent remarks are intended as a guide only, as 
generalizations on this subject should obviously be 
avoided. 

BUnger et al. (34) compared rations with two levels of 
herring meal (125 and 250 g./pig/day) and with a 
vegetable protein supplement, and concluded that the 
best performance was obtained on the higher level of 
herring meal. Carcass and meat quality was not affected; 
but liver sausage produced from livers of pigs receiving 
the herring meal had a fishy flavour, particularly with 
pigs that received the herring meal right up to slaughter 
time. 

BUnger, Hare and Schmidt (38) compared three levels 
offish meal supplementation (169, 216 and 250 g./pig/day 
of digestible protein) in rations composed mainly of 
cooked potatoes or other bulky foods, and concluded 
that, though the highest level gave slightly better results 
than the medium level, the latter was sufficient to obtain 
reasonable performance. The higher level was con- 
sidered uneconomical. 

Pavlenko (180) found that rations with 10-15 per cent 
fish meal gave the best results with growing pigs. Wood- 
man and Evans (241-244) have clearly demonstrated that 
a considerable saving in high-protein supplements is 
possible by adopting lower protein standards than those 
recommended previously. Their metabolic studies and 
feeding tests showed that young pigs receiving a ration 
with 7 per cent fish meal were able to build up body 
protein at about equal rate as pigs receiving a ration with 
10 per cent fish meal. Thus, on the lower protein ration 
there was a more efficient conversion of food protein into 
body protein. Subsequently Evans (72) concluded that, 
when 7 per cent of white fish meal is added as a supple- 
ment to a cereal mixture consisting of 2 parts barley meal 
and 1 part fine wheat offal (with a small amount of 
lucerne meal added), with the fish meal contributing 4-4- 
4-9 per cent of crude protein (total crude protein in the 
ration, 15- 1-16-1 per cent), it supplemented completely 
the protein of vegetable origin and enabled maximum 
retention of nitrogen and maximum growth to take place 
without wastage of amino acids. 

Columbus (48) found that the biological value of 
protein was highest when fish meal was fed at the level of 
100 g./pig/day. It was adversely affected by either 
increase or decrease in the level of fish meal fed. 

Commenting on the Deutsche Landwirtschaftliche 
Gesellschaft Standards, which recommend 3 per cent 
fish meal as a protein supplement, Kirsch and Drews 
(123) suggested that their own experiments showed that 
by increasing the level to 7 or 8 per cent the performance 
of the pigs could be improved. 
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Robinson, Coey and Burnett (200) found no difference 
in performance of pigs fed up to 150 Ib. liveweight 
rations supplemented with either 7 or 12 per cent fish 
meal. 

Pieterse and Verbeek (183) fed pigs up to 100 Ib. live- 
weight on a basic ration of 65 per cent maize, 25 per cent 
wheat bran and 10 per cent lucerne meal, supplemented 
with 0, 2-5, 5-0, 7-5, 10-0 and 12-5 per cent fish meal, and 
showed progressive improvement in rate of gain and 
efficiency of food utilization with increasing levels of fish 
meal. On a ration containing 5 per cent or less fish meal, 
the surface area and the depth of the eye muscle were 
significantly reduced, but length appeared not to be 
affected. Back fat thickness was to some extent inversely 
related to the level of dietary protein. 

Braude, Mitchell, Cray, Franke and Sedgwick (27) fed 
basic meal containing 5, 7 or 10 per cent white fish meal 
in conjunction with whey ad lib., and found no statistically 
significant differences in performance of the pigs or in 
carcass quality. As there was a slight tendency for 
deterioration in performance with a reduction in protein 
level of the ration, the 7 per cent level would be the 
obvious one to adopt in practice. 

Barber, Braude and Mitchell (16) recorded considerably 
better growth rate and efficiency of food conversion on 
rations supplemented with 7 per cent fish meal than on 
rations with 3J per cent fish meal. 

Duckworth, Hepburn and Woodham (67) recorded a 
graduated response in growth rate, and food conversion 
corresponding to increases in levels of fish meal in the 
ration of 3, 5-5 and 8 per cent (giving respectively 13-5, 
14-8 and 16-1 per cent crude protein in the ration). 

Lakscsvcla (144) studied the relationship between the 
level of feeding of herring meal and the performance of 
pigs and their carcass quality. The herring meal con- 
tained 7 per cent oil, and was fed at 3, 4, 5, 6, 8, 10 and 
12 per cent of the ration throughout the growing period, 
or with successive reductions as the experimental period 
progressed. The rations were compared at each level of 



protein with rations containing the same amount of 
protein and energy, but the protein supplement of which 
was of vegetable origin only. Most improvement in 
growth rate and efficiency of food conversion was 
obtained at levels of 6-8 per cent. There was further 
progressive improvement with the higher levels, but the 
increments of improvement became smaller above 8 per 
cent of the supplement. From the point of view of carcass 
quality there was no adverse effect on rations up to 6-8 
per cent of the supplement ; but above that level there 
was a reduction in quality (measured mainly by softness 
of the fat and reduction of palatability of the bacon). At 
all levels of supplementation the herring meal was with- 
drawn when the pigs reached 80 kg. (they were slaughtered 
at 90 kg.). 

As mentioned earlier, when considering the amount of 
fish meal which one should add in order to produce a 
well-balanced ration for pigs, one must first of all decide 
what level of crude protein one wishes to obtain in the 
final mixture. Next, one should ascertain the crude 
protein of the cereal mixture and of the fish meal one 
wishes to use. Table VIII was prepared in order to illus- 
trate the relationship between these three factors. 
Although only two sorts offish meal, with 60 and 65 per 
cent of crude protein, were taken into consideration, the 
amounts of the fish meal to be used may vary by nearly 
two and a half times, depending on the crude protein 
content of the ration and on the crude protein content of 
the cereals. Figures in Table IX show clearly the possible 
extensive variations in crude protein content of individual 
cereals and cereal mixtures often used in pig rations. 

The amount of fish meal that will be consumed by pigs 
of different classes depends mainly, of course, on the 
amount of food eaten by the pigs and on the percentage 
of fish meal in the ration. Tables X, XI and XII give 
calculated amounts for suckling litters consuming creep 
feed, for sows, and for growing pigs, covering the period 
from weaning to slaughter at 200 Ib. liveweight. For the 
last group the efficiency of food utilization was taken as 



TABLE VI11 

Amount of fish meal (60 or 65 per cent crude protein), per cent, of a ration 1 to be added to cereal mixtures with varying crude protein content to 

achieve rations with required crude protein content 

Crude protein content of a ration, % 



12 



13 14 

Crude protein content offish meal 



16 



V^rMMc /srf/fCirf 

content of cereals 


60% 


65% 


60% 


65% 


60% 


65% 


60% 




7 


9-5 


9-0 


11-5 


10-5 


13-0 


12-5 


17-0 




8 


8-0 


7-5 


10-0 


9-0 


11-5 


11-0 


15-0 




9 


6-5 


6-0 


8-0 


7-0 


10-0 


9-5 


13-5 




10 


4-5 


4-0 


6-0 


5-5 


8-0 


7-5 


12-0 




11 


2-5 


2-0 


4-0 


3-5 


6-0 


5-5 


10-0 




12 








2-0 


2-0 


4-0 


3-5 


9-0 




13 












2-5 


2-0 


7-0 




14 
















5-0 


i 


Rounded off to 


nearest 0-5%. 















18 



65% 


60% 


65% 


16-0 


21-0 


19-0 


14-5 


19-5 


18-0 


13-0 


17-5 


16-0 


11-0 


15-5 


15-0 


9-5 


14-0 


13-0 


8-5 


12-5 


11-5 


6-5 


10-5 


10-0 


4-5 


9-0 


8-5 
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TABLE 
Crude protein content of cereal mixtures when consignments with levels 

Crude protein Barley meal 
a 
Barley meal, minimum (a) . 7-0 7-0 
maximum (6) . 14-0 10-5 
Maize meal, minimum (a) . 6-0 6-5 
maximum (b) . 10-0 8-8 
Ground wheat, minimum (a) 12-0 9-5 
maximum (b) 18-0 12-5 


IX 
of crude protein stated (extremes) are mixed in proportion of 1 to 1 

Barley meal Maize meal Maize meal Wheat Wheat 
b a b a b 

10-5 6-5 8-5 9-5 12-5 
14-0 10-0 12-0 13-0 16-0 
10-0 6-0 8-0 9-0 12-0 
12-0 8-0 10-0 11-0 14-0 
13-0 9-0 11-0 12-0 15-0 
16-0 12-0 14-0 15-0 18-0 






TABLE X 

Amount of fishmeal, in lb., consumed by a suckling litter eating a 
certain amount of creep feed containing different levels of fishmeal 

Amount of creep 
feed eaten by Amount of fishmeal in creep feed, % 


(1) The sow ration contained 7 per cent white fish 
meal, and the sow produced 16 weaners per annum. 
(2) The creep ration contained 15 per cent white fish 
meal, and the litter of 8 pigs consumed 150 lb. of 
creep meal. 
(3) The growing ration fed up to 120 lb. liveweight 


lb. 5 10 15 20 
50 2-5 5-0 7-5 10-0 
100 5-0 10-0 15-0 20-0 
150 7-5 15-0 22-5 30-0 
200 10-0 20-0 30*0 40-0 
250 12-5 25-0 37-5 50-0 


contained 7 per cent white fish meal and 3 per cent 
thereafter, and the pig required 3i lb. of the ration 
per lb. liveweight gain. 

Fish meal compared with other protein supplements 

A very large number of tests have been carried out 




throughout the world comparing the value of fish and 
herring meal with that of other feedingstuffs used as 


TABLE XI 

Amount of fish meal, in Ib./year, consumed by a sow, producing 2 
litters of 10 pigs each, depending on the percentage of fish meal in the 
ration 

Percentage of fish meal in the ration 2 3 5 7 10 
lb. of fish meal/sow/year 57 85 142 199 284 


protein supplements in pig rations. One of the earliest 
experiments (and most probably the first test on this 
subject in the United Kingdom) was that of Crowther 
(54). Other early pioneers included Orr, Crichton and 
Green (178), Isaachsen and Ulvesli (116) and Hansson 
(90). 
The early tests aimed at demonstrating that fish meal 




is a satisfactory protein supplement; and many later 


TABLE XTI 

Amount of fish meal, in lb., consumed by a pig from weaning to 200 lb. 
liveweight depending on the percentage of fish meal in the ration and 
efficiency of food conversion 

Amount offish meal Efficiency, lb. meal/lb. liveweight gain 
in the ration ~ - ..,.. 


tests were directed towards proving its superiority over 
other supplements. When attempting to interpret the 
available evidence, one must keep in mind that, as time 
progressed, considerable improvements were introduced 
in the processing methods of both fish meal and other 
protein supplements, so that old evidence may not be 


% 3-0 3-5 4-0 4-5 5-0 

2 9-6 11-2 12-8 14-4 16-0 
3 14-4 16-8 19-2 21-6 24-0 
5 24-0 28-0 32-0 36-0 40-0 
7 33-6 39-2 44-8 50-4 56-0 
10 48-0 56-0 64-0 72-0 80-0 
7 reduced to 3 at 
120 lb. liveweight 22-4 26-4 30-4 34-4 38-4 
10 reduced to 3 at 
120 lb. liveweight 28-4 33-6 38-8 44-0 49-2 


applicable to more recent products. The extent to which 
the composition of fish meal can vary has been referred 
to earlier; but the variation in the composition of most 
of the other protein supplements can also be very con- 
siderable. Results of a test apply only to the specific 
consignments of protein supplements used in it. Thus, a 
large number of comparative tests is necessary before 
any general conclusions can be drawn on the nutritive 
value of protein supplements used in individual tests. 


the criterion on which the amount of food consumed was 
calculated. Values in these tables can be used as a rough 
guide, when calculating the requirements for fish meal in 
a single piggery, in a district or in the country as a whole. 
In the United Kingdom, if white fish meal was used as 
the sole protein supplement to cereal rations, the amount 
required to produce one pig weighing 200 lb. would be 
41 -7 lb. The following assumptions were made in arriving 
at this figure : 


Another important consideration, often overlooked, 
when two sources of protein are compared, is that 
differences in nutritive value can only be effectively 
demonstrated when excess of protein in the test ration 
does not obscure them. 
Fish and herring meals provide protein of "animal" 
origin, and when mixed with cereals result in ration of 
"mixed" protein origin. There are, of course, other 
protein supplements of animal origin that are used in 
preparation of mixed protein rations for pigs. On the 
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other hand, many of the protein supplements employed 
are of vegetable origin; and when these are mixed with 
cereals, the resulting rations are classified as containing 
vegetable protein only. 

Recently two papers have been published dealing with 
basic aspects concerning the comparison of animal and 
vegetable protein supplements in pig feeding. Hill and 
Prinz (97) claimed that the absence of animal protein in 
the ration was responsible for a great reduction in the 
content of certain amino acids in muscles and livers of 
pigs. In their experiments, rations with 10-15 per cent 
fish meal were compared with rations containing no 
animal protein. 

The other most interesting report was that by Pres and 
Nowicki (186) which claimed that, when fish meal was 
included in the ration of pigs, their stomachs and small 
intestines were heavier, while their large intestines and 
caecums lighter than in pigs receiving vegetable protein 
only. The authors attempted to explain these differences 
on the basis of a hypothesis suggested by Mangold (157), 
namely that with fish meal enzymic digestion takes place 
in the small intestines, but with vegetable protein bac- 
terial digestion starts in the caecum. 

Skim milk. Skim milk, either liquid or dried, is 
generally recognized as an excellent protein supplement 
for pig rations. Most of the published evidence indicates 
that fish meal can satisfactorily replace skim milk (2, 57, 
79, 94, 118, 138). The Danish results of Jespersen and 
Hanscn (118) are based on an extensive series of com- 
parative tests leading to the general conclusion that, as 
far as growth rate, efficiency of food utilization and effect 
on health are concerned, fish meal and skim milk supple- 
ments are of about equal value; but the fish meal rations, 
particularly when fed right up to slaughter time, may 
adversely affect the colour, texture and taste of the bacon. 
In some of the experiments, pigs receiving skim milk 
rations ate more food; but as they did not grow faster, 
their efficiency of food utilization was slightly inferior to 
that of pigs receiving the fish meal rations. Danish 
workers have continued their comparative tests, but an 
up-to-date account has not been published; from several 
public statements by Professor Clausen, one can surmise, 
however, that the earlier results have been substantiated 
and that the effect of fish meal rations on carcass and 
bacon quality is still causing anxiety. In practical 
feeding routine in Denmark it is necessary to discontinue 
fish meal supplements some time before the pigs are sent 
to slaughter. 

Breirem (29) showed that the nutritive value of herring 
meal is equal to that of skim milk when used as a supple- 
ment to a cereal-potato ration. However, as occasionally 
the herring meal may adversely affect the meat quality, 
Breirem suggested that a mixture of the two supplements 
may be preferred. 

In England, Braude et al. (25, 26, 27), Barber, Braude 
and Mitchell (15) and Barber et al. (12) compared the 
value for growing pigs of high quality white fish meal and 
either liquid or dried skim milk, and found that on equal 



protein basis the skim milk was slightly superior to 
white fish meal as a protein supplement. The reason for 
this alleged superiority has not yet been elucidated. It 
is of interest, however, that no differences were observed 
in carcass quality. 

Other protein supplements of animal origin. Kernot and 
Speer (120) found that by using best white fish meal as a 
supplement they obtained better growth rate and food 
utilization than with a mixture of blood meal and bone 
flour. Foster and Hostetler (78) obtained better results 
with fish meal than with tankage. Woodman and Evans 
(241) found equal performance on rations supplemented 
with white fish meal to that obtained on rations with a 
mixed protein supplement consisting of blood meal, 
skim milk and soya bean meal. Willman and Morrison 
(232) obtained excellent results in four tests by substitut- 
ing tankage with white fish meal; but in two other tests 
in which menhaden fish meal was compared with tankage, 
the results favoured tankage. Cook (52) obtained equal 
results when using either fish meal or meat meal as pro- 
tein supplements. Robinson (201) summarized results of 
15 tests in which fish meal was compared with tankage as 
a supplement to maize rations. On average the fish meal 
ration gave 1-52 Ib. daily liveweight gain and the pigs 
needed 3-8 Ib. of meal/lb. gain, while the corresponding 
values for tankage were 1-40 and 4-05 respectively, 
leading to the conclusion that fish meal is worth 16-7 per 
cent more than tankage. On the other hand, when a 
"trio mixture" (tankage, linseed meal and lucerne meal) 
was used it gave slightly better results than fish meal. 
Kyzer et al. (142) and Ferrin (76) obtained better results 
with fish meal than with tankage used as a supplement to 
maize rations. 

Jespersen and Hansen (118) found that pigs receiving 
a ration supplemented with fish meal during the whole 
growing period (20-90 kg.) grew better and utilized their 
feed more efficiently than pigs fed on this ration only up 
to 60 kg. and thereafter a ration supplemented by meat 
and bone meal. 

Wfthlbier, Kirchgessner and Schneider (238) found 
that pigs did equally well on a balanced ration with a 
mixture of protein supplements and on cereals to which 
some fish meal was added daily. Oslage (176) also found 
no difference in performance of pigs receiving rations 
supplemented by either fish meal or meat and bone meal. 

Soya bean meal. Kronacher (135) reported that 
replacement of two-thirds of the fish meal supplement by 
soya bean meal adversely affected the performance of 
the pigs. Similar results were obtained by Malkomesius 
(156), Honcamp (104), Wowra (247), Bunger et al (35) 
and Ferrin (76). 

Frens and Ubbels (81) claimed that pigs receiving a 
ration supplemented with 8 per cent Norwegian herring 
meal grew and utilized their food better than pigs on a 
ration supplemented with 5 per cent soya bean meal and 
5 per cent sunflower meal. 

Evans (72) concluded from extensive tests which 
included metabolic studies that protein in soya bean is 
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inferior to the protein in white fish meal for supple- 
menting the proteins in a cereal mixture consisting of 
barley meal and fine wheat oflfal. Thus, in order to secure 
equal rates of liveweight increase in young pigs the soya 
bean ration had to supply about 12-9 per cent digestible 
protein as compared with 12-3 per cent for the fish meal 
ration. 

Hvidsten and Husby (113) also found that rations with 
herring meal gave superior performance; that was true 
even when the soya bean ration was supplemented with 
fish solubles. 

Comberg and Staunde (49) found that a ration with 
200 g./pig/day of fish meal gave very much better growth 
rate and efficiency of food utilization than a ration 
supplemented with 300 g./pig/day of soya bean meal. 

Laksesvela (144) also obtained better performance with 
herring meal added at several levels than with rations of 
equal protein content containing soya bean meal as the 
protein supplement. 

On the other hand, Kirsch (122), Kirsch and Fender 
(124) and Rabold and Schoen (191) found no difference 
in performance of pigs when fish meal was replaced by 
steam-heated soya bean meal. Schiller (206) found that 
the performance on rations containing soya bean meal 
could not be improved by addition of fish meal. 

Becker ei al. (17) using menhaden fish meal found that 
for pigs up to 100 Ib. liveweight a ration of 16 per cent 
crude protein gave satisfactory results. However, equal 
results were obtained on rations with only 14 per cent 
crude protein when soya bean meal was used as the 
protein supplement. With pigs above 100 Ib. live- 
weight both supplements were equal in value. With 
rations low in crude protein the menhaden fish meal was 
less satisfactory than soya bean meal, but they were 
equal in rations containing 18 per cent crude protein. 
Becker and his co-workers suggested that it may be that 
the tryptophan content was the limiting factor in the 
maize-menhaden fish meal ration. Some American 
workers expressed recently their belief that soya bean 
meal is superior to fish meal as protein supplement for 
pig rations. Although this is not in line with most of the 
published evidence, it was as early as 1928 that Davidson 
(60) claimed that in some tests better results were 
obtained with extracted soya bean meal than with fish 
meal. 

Groundnut meal. The earlier tests showed little or no 
difference in performance of pigs receiving rations 
supplemented either by fish meal or groundnut meal (55, 
60, 179, 219). However, already Kronacher (135) had 
found that replacement of two-thirds of the fish meal 
supplement by groundnut meal adversely affected the 
performance of pigs fed these rations. Also Malkomesius 
(156) obtained better results with herring meal than with 
groundnut meal, and so did Foster and Hostetler (78) 
and Van der Vyver (225). Certainly the more recent tests 
point to the superiority of fish meal over groundnut meal 
for rations for growing pigs. This was clearly demon- 
strated by Woodman and Evans (245), whose results 



were confirmed by Robinson, Coey and Burnett (200), 
Carpenter et al. (42) and Smith and Lucas (212). 

Other protein supplements of vegetable origin. There is 
overwhelming evidence indicating that fish meal as 
protein supplement to rations of growing pigs consider- 
ably improve their growth rate and efficiency of food 
conversion in comparison with rations containing 
protein of vegetable origin only. A selection of references 
indicates clearly that the conclusion applies generally, 
independently of the source of the vegetable protein 
used; linseed meal (163), field peas (138, 194); barley 
meal + whey (234), bean meal (60), sunflower meal 
(204, 219); cotton seed meal (78); sweet lupins (39, 50, 
229); mixed vegetable proteins (14, 158, 224); several 
different sources (113). 

There are, however, a few exceptions. Kitchin (127) 
found lentil meal as satisfactory as fish meal as a protein 
supplement to rations of growing pigs; and more 
recently Barber, Braude and Mitchell (16) and Duck- 
worth, Hepburn and Woodham (67) found no difference 
in the performance of pigs, when dried leaf meal was 
compared with white fish meal as protein supplements 
to rations of growing pigs. 

Schiller also (206) obtained no significant improvement 
by adding fish meal to a ration supplemented with sweet 
lupins. She has established, however, that the biological 
value for the lupins was 57, and for a mixture of 80 per 
cent lupins and 20 per cent fish meal 68. 

Dried yeast. Malkomesius (156), Bunger (32), Bunger, 
Fissmer and Hare (36), Richter and Bruggemann (196) 
and Crasemann and Tscherniak (53) obtained very similar 
results indicating that fish meal supplemented rations 
are superior to those supplemented with dried yeast. 
They all found that half fish meal half dried yeast supple- 
ment gives equal results to fish meal alone. 

Evans (72) found, however, that in metabolic and 
feeding trials, when a basic ration of barley meal and fine 
wheat bran is used, both white fish meal and dried 
brewer's yeast (providing one-third of the total crude 
protein of the ration) will allow maximum retention of 
nitrogen and maximum growth to take place without 
wastage of amino acids. 

Protein supplements of mixed animal and vegetable 
origin. Evidence is accumulating that a considerable 
saving in animal protein may be obtained by feeding a 
mixture of animal and vegetable protein supplements. 
For example, a small amount of fish meal may effectively 
complement the proteins of vegetable origin, and a mixed 
supplement included in rations for pigs may result in 
equal performance to that obtained on rations with 
animal protein as the sole supplement (50, 206, 224, 242, 
245; see also preceding section on dried yeast). 

Fish oil 

Fish oils arc of importance in pig feeding from three 
aspects: (a) as a source of fat soluble vitamins, (b) as a 
source of energy, (c) as ancillary ingredient of the high 
protein supplements prepared from fish. 
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The amount of oil contained in fresh fish may vary 
considerably; but for the purpose of this review it is 
sufficient to make a distinction between lean fish (e.g. 
cod) and fat fish (e.g. herring) and to mention that the 
oil content of herrings may vary considerably with the 
season of the year (low in the spring average about 4 
per cent, and high in the late autumn average about 
17*5 per cent). The chemical composition offish oils also 
varies; but here again one has to limit the description of 
the fatty acid content of fish oils to stating that they 
contain a high proportion of unsaturated fatty acids. 
These oils are highly affected by oxidation, and decom- 
pose fairly rapidly. When fish meal or other fish products 
with such decomposed oil are mixed into pig rations they 
cause a strong oily or fishy flavour in the meat. Inciden- 
tally, for detecting these defects in bacon, Askoe and 
Madsen (8) described a colour test in which they used 
thiobarbituric acid as a reagent. However, Haskell et al. 
(91) claimed that the thiobarbituric acid test was not 
specific for detecting the fishy flavours in meat. 

A comprehensive review of papers on fish oils pub- 
lished before 1933 was written by Schmalfuss, Barthmeyer 
and Werner (207). Manning (159) published a biblio- 
graphy on cod liver oil in animal feeding with non-critical 
comments and abstracts. A most useful source of 
information on all subjects concerning marine oils is the 
Canadian bulletin edited by Bailey, Carter and Swain (9). 
Banks and Hilditch (10) discussed and compared the 
chemical composition of fish oil and pig fat, and sug- 
gested that the fishy flavour occasionally occurring in pig 
meat may be due to the high amount of the unsaturated, 
C 2 o-C 2 2, fatty acids in pig fat. The softness of pork fat 
often associated with the feeding offish products may be 
due to the large amounts of linoleic acid present in such 
fats. The results of Husby (109), who studied in detail 
the fatty acids contents in two pigs, one of which was fed 
90 and the other 204 g. of herring oil per day, tended to 
confirm these explanations. The amount of free fatty 
acids in fish meal may vary from 5 to 30 per cent. Often 
in the past the level of free fatty acid was taken as an 
indicator of quality, but recent results tend to disprove 
its usefulness (23, 143). 

When considering fish oils as a source of fat soluble 
vitamins for pigs, one must underline that it is fish liver 
oils which are usually concerned. Fish oils have normally 
a rather low vitamin A and D content when compared 
with fish liver oils, as shown clearly in the following 
values taken from Bailey, Carter and Swain (9): 



Vitamin A i.u./g. Vitamin D i.u./g. 



Tuna liver oil 
Halibut liver oil 
Cod liver oil 
Herring oil 
Menhaden oil 
Pilchard oil 



50,000-1,000,000 
4,000-165,000 
550-30,000 
30-300 
340-500 
100-500 



16,000-30,000 
550-20,000 
85-500 
25-160 
50-100 
20-100 



With the advent of synthetic vitamins the use of fish 



liver oils in pig rations is on the decline. A comparison 
of efficiency for pigs of these two sources of vitamins A 
and D has been made by Barber et al. (11). 

The current revival of interest in fish oils is connected 
with the prospect of high energy rations for pigs. The use 
offish oils for this purpose has become a possibility since 
the new methods of processing may remove the main 
objection to their use, viz. the tendency to impart fishy 
taste and smell in meat of the pigs to which these oils are 
fed. For example, Jahn (117) claimed that the new low 
temperature process developed in East Germany resulted 
in a product which is very palatable to the pigs, and 
which, when consumed in relatively high amounts, does 
not lead to digestive upsets or adversely affect the quality 
of the meat. 

Most of the experimental work on pigs was directed 
towards the study of the effects of different levels of fish 
oil in the ration on the composition of the pig fat and its 
taste and smell. An extreme example is that reported by 
Garton, Hilditch and Meara (84), who fed a single pig on 
a ration containing 50 per cent crude whale oil (up to 
4 Ib. oil/day). At slaughter at 200 Ib. (reached in 198 
days), the pig was apparently in good health. The depot 
fat had a yellowish-brown discoloration. A considerable 
proportion of the characteristic whale oil fatty acid had 
passed nearly unchanged to the fat depots of the pig. On 
the other hand, Garton and Naftalin (85) who fed cod 
liver oil in amounts up to 25 per cent of the ration, found 
that pigs ate the food and appeared normal for about 
6 weeks. After that period, digestive upsets started and, 
when the pigs were killed on the forty-ninth day, there 
was "exudative diathesis" massive oedema. It is of 
interest that the pigs' livers appeared normal. 

In the early 'twenties Orr and Crichton (177) used 
smaller amounts of fish oils, namely, 9 ml./kg. ration of 
either cod liver oil or herring oil, and compared the effect 
with that of similar amounts of olive oil and of no 
supplementary oH. The performance of the pigs was not 
affected, but the fish oils were responsible for a "marked 
offensive fish taste that made the bacon quite uneatable." 

Brown (31) added 14 per cent of menhaden fish oil to a 
maize-tankage ration, and found that it caused a marked 
yellow discoloration of the carcass. Although in the 
fresh carcass the fishy flavour was scarcely noticeable, on 
cooking it penetrated all parts of the carcass. Even the 
innermost parts of the tongues were highly flavoured. It 
is of interest that Brown found that the highly unsaturated 
fatty acids deposited in the carcass fat were of about the 
same molecular weight and liver iodine value as the 
mixture of fatty acid in the menhaden fish oil. 

Frazer, Stothart and Gutteridge (79) compared the 
value of cod liver oil with that of pilchard oil fed at the 
rate of 0, J, 1 and 2 oz./pig/day. At all levels of supple- 
mentation there was an improvement in growth rate and 
efficiency of food conversion, and there was no difference 
between the two oils. However, to prevent a fishy 
flavour in the pork the feeding of the oils had to be 
stopped 30 days before the pigs were slaughtered. 
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Husby and Haug (110) recommended that pigs fed for 
production of fresh meat receive not more than 25 g. of 
fish oil per day, and bacon pigs not more than 10 g., as 
oxidation during storage accentuates defects in flavour. 
Administration offish oil should be discontinued 6 weeks 
before killing. 

Vestal et al. (227) added 0-5 or 1-5 per cent offish oil 
to a ration containing 10 per cent fish meal (with 5 per 
cent oil) and found that it caused marked fishy flavour in 
pork, while the same ration without the oil supplement 
gave completely satisfactory carcasses. 

Gorham, Boe and Baker (88) studied the so-called 
"yellow fat disease" which has been noted in some pigs 
fed excessively on fish or fish products. Such pigs often 
had yellowish or greyish-yellow adipose tissue. The 
authors claimed that two factors were mainly involved ; 
excessive amounts of highly unsaturated glycerides and 
inadequate amounts of tocopherols resulting in acid- 
fast pigment accumulating in the adipose tissue 
(mechanism not understood). The condition was repro- 
duced experimentally by feeding a ration 85 per cent of 
which consisted of frozen fish scraps. 

Robinson and Coey (198) supplemented a normal 
ration containing 5 per cent fish meal with 5 per cent cod 
liver oil. They recorded normal performance of pigs fed 
on this ration, but after slaughter the back fat was deep 
yellow-brown in colour and had a slightly "oxidized 
odour". The carcasses were condemned as unfit for 
curing. The peroxide value of samples of extracted loin 
fat was 5, the iodine value 74 and vitamin E content 0. 
Samples of fat from pigs receiving the same treatment 
but also daily 50 mg. dl a-tocopheryl acetate were normal 
with peroxide value of 0, iodine value of 80 and 2-8 
mg./lOO g. of vitamin E. 

Davis and Gorham (61) described the pathology of 
natural and experimental cases of "yellow fat disease". 

The problem of cod liver oil toxicity to pigs has arisen 
from time to time. Scorgie and Miller (210, 211) surveyed 
the evidence on the subject and also carried out their 
own investigations; they concluded that, provided the 
cod liver oil is genuine and of good quality, the feeding 
of it, even at very high levels (up to 8-3 per cent of the 
ration), does not produce liver dystrophy, as claimed by 
several authors (22, 92, 170, 185, 223, 228, 230). Worden 
(246) may have produced an explanation for the different 
findings concerning liver dystrophy, by establishing that 
feeding of 1, 2 and 5 per cent of cod liver oil containing 
an antioxidant produced no liver dystrophy and, 
incidentally, no discoloration of fat or fishy taint. 
Possibly the preservation of the oil with the modern anti- 
oxidant was the material factor. Increasing the levels of 
cod liver oil resulted in improvement in efficiency of food 
utilization and in an increase in the iodine value of the 
body fat which, however, was not accompanied by any 
visual softening of the fat. 

On the other hand Dodd and Newling (64) reported 
recently an outbreak of acute dietetic hepatosis with 
severe degenerative lesions of skeletal and cardiac muscle, 



and believed that it was caused by the fish liver oil 
emulsion which was used in the rations as a source of 
vitamins A and D. 

Anglemier and Oldfield (6) have tried to establish the 
value of sardine oil as an energy source for pig rations. 
They found that addition of 2-75 and 5 per cent of such 
oil produced good performance and no adverse effects, 
as compared with a control ration with no added oil. At 
8-25 per cent level the animals failed to eat the amount 
given, and after 4 weeks on test their gain in weight was 
less satisfactory than that of control pigs. Although total 
quantitative fat deposition was not markedly different, 
the quality of the depot fat in terms of colour, odour and 
hardness was lowered when oil was fed (most marked 
at the 5-5 and 8-25 per cent level). These fat characteris- 
tics made the meat cuts from pigs thus fed unpalatable, 
and unacceptable from a market standpoint. Feeding of 
non-fish oil for many weeks before slaughter subsequent 
to the sardine oil, did not improve matters (except for 
hardness of the fat). 

Oldfield and Anglemier (172) and Anglemier (5) also 
fed crude pilchard oil to pigs and found that already at 
2 '75 per cent and certainly at higher levels, a marked 
decrease in the quality of carcass fat resulted, which 
could not be remedied by withdrawing the oil even as 
long as 13 weeks before slaughter. They also found that 
crude and alkali washed, bleached menhaden oils, when 
fed at dietary level of 5 per cent, caused undesirable 
fishy odour and imparted a slight brownish tinge to the 
carcass. On the other hand, carcasses from pigs fed 5 
per cent polymerized menhaden oil were practically 
indistinguishable from the controls, though occasionally 
objectional cooking odour was noted. The authors 
suggested that in view of these facts it may be possible to 
modify the polymerization process in order to improve 
the nutritional qualities of fish oils. 

Many workers compared the value of fish meals with 
different oil contents; a few representative opinions are 
quoted below: 

Orr and Crichton (177) compared fish meals with 
either 3 or 20 per cent oil, and found no difference in 
performance, but the 20 per cent fish meal ration gave 
bad fishy taste to the bacon. 

Honcamp et a\. (104) fed herring meal, up to 300 
g./pig/day, of 1-9 and 21-7 per cent oil content, and 
concluded that the ration with the high oil content, more 
often than not, improved the growth rate of pigs, and had 
no adverse effect on carcass quality, or on the taste and 
smell of the meat (except for liver and brain which had 
fishy taste). Similar results were obtained by Biinger 
et al. (34) who fed low- and high-oil herring meals at 
250 g./pig/day. 

Jespersen and Hansen (118) compared specimens of 
fish meal with about 1 and 9 per cent oil content, and 
found that pigs receiving the higher level grew faster and 
utilized their food more efficiently, though the taste, 
texture and colour of the bacon were often adversely 
affected. 
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Breirem (30) also obtained excellent performance when 
feeding herring meal rich in oil, but recommended that in 
order to avoid defects in carcass quality (soft and yellow 
fat) the level of supplementation with herring meal should 
not exceed 7-8 per cent of the ration. 

On the other hand, Hellberg, Dahl and Appelgren (94) 
who compared fish meal with 5-2 per cent oil and herring 
meal with 12 per cent oil, both fed at 74 per cent of the 
ration, found no difference in performance of the pigs. 
In spite of the fact that the fish and herring meals were 
omitted from the rations several weeks before slaughter, 
the quality of the meat was adversely affected in both 
groups, but to a greater extent on the high oil ration. 

Clausen et aL (45) made extensive tests, aimed at 
establishing effects on carcass quality. They fed rations 
supplemented with herring meals of 0-3-0-6 per cent or 
7-9 oil content. They did not obtain results that would 
allow definite conclusions to be drawn, but provided some 
pointers indicating in what circumstances adverse effects 
on meat quality may occur. 

Pinkulis (184) concluded that up to 200 g./pig/day of 
fish meal can be safely fed without adversely affecting 
the quality of the meat, provided the amount of fish oil 
does not exceed 20-25 g./pig/day. 

Laksesvela (143) compared rations containing herring 
meal with both low and high fatty acid content, and 
recorded a tendency for better growth rate and efficiency 
of food utilization on rations high in fatty acids. High 
amounts of free fatty acid did not adversely affect the 
health of the animals, nor the taste of their body fat. 

Carcass quality 

In present-day pig production both carcass and meat 
quality are of the utmost importance. The food con- 
sumed by the pigs will to a great extent determine these 
qualities, and fish products have often been responsible 
for adversely affecting them. 

In 1923 Orr and Crichton (177) wrote: "fish meal is 
such a valuable food for pigs that it would be a loss to the 
farming community if the use had to be stopped on 
account of the liability to spoil the bacon. It seems 
desirable that fish meal manufacturers should make 
certain that the fish meal sold to be fed to pigs is made 
only from non-oily white fish residues. Oily fish meal 
need not be discarded as a feedingstuff; it can be used 
for boars and brood sows." 

In the papers screened for this review 54 dealt with 
effects on carcass and meat quality. Of these, 37 reported 
no adverse effects, but 17 recorded more or less severe 
faults due to the presence of a fish product in the ration. 
Most of the fishy taste and smell was associated with the 
amount and quality of the fish oil in the ration. Often the 
remedy advocated against "fishiness" was the withdrawal 
of the fish product from the ration of the pigs at least 
3 weeks before slaughter. 

In recent years great advances were made in the field of 
processing and preservation of fish, and excellent quality 
products can nowadays be prepared from fish rich in oil. 



Modern methods, and particularly the use of anti- 
oxidants (provided the raw material is of reasonable 
quality), can ensure that any fish product used as a 
feedingstuff for pigs has no adverse effects on carcass and 
meat quality. However, even as recently as 1957 Dahl 
concluded that fat from pigs fed on fish meal has a fishy 
or oily flavour, is soft and has inferior stability as 
evidenced by organoleptic, thiobarbituric and accelerated 
rancidity tests as well as by iodine number. It is thus 
obvious that the quality of some of the products used at 
present is a long way from what it should be, and great 
vigilance is called for to ensure that "fishy products" do 
not spoil the well deserved good name of the reputable 
products. 

Fresh fish 

Very little information is available on feeding fresh fish 
to pigs. Hunger (1939) and Hunger et al. (1939) fed 
growing pigs on i or f kg./pig/day of washed salted 
herrings containing 18-6 per cent dry matter, 7 per cent 
crude protein, 6-7 per cent oil and 3-1 per cent ash and 
compared the results with those obtained on a ration 
supplemented with fish meal. In general, the pigs did not 
like the salted herrings, but consumed the ration with 
i kg. herrings and grew normally on it, while consumption 
on the four-fifths herring ration was reduced, and accord- 
ingly the growth was impaired. The water consumption 
of the pigs receiving the herring rations was considerably 
increased. With the lower quantity of herrings the carcass 
showed slight yellow discoloration, but this could be 
almost wholly avoided by leaving out the herring supple- 
ment from the ration during the last 4 weeks before 
slaughter. On the higher herring ration the colour and 
carcass quality, both in fresh meat and after smoking, 
was adversely affected independently of whether it was 
fed right through or was withdrawn 4 weeks before 
slaughter. The results suggested that fresh herrings 
should preferably be fed to supply only a part of the 
protein supplement required for pigs intended for 
slaughter. 

Pecht (181) fed 1 kg./pig/day to growing pigs of ground 
frozen fish, containing 16-2 per cent crude protein and 
3-1 per cent fat, with satisfactory results. 

Fish solubles 

The liquor pressed out during the manufacture of fish 
meal is called stickwater. It usually contains 6-10 per 
cent dry matter consisting of the water soluble material 
derived from the fish, the nature of which will vary 
according to the species of fish used in the manufacture 
of the meal, and the method of processing the meal, and 
subsequently the methods of handling the liquid. The 
liquid is concentrated to a varying dry matter content 
(normally 40-50 per cent), and marketed as fish extract 
or fish solubles. On a dry matter basis, fish solubles may 
contain up to 35 per cent of crude protein. A large 
proportion of the nitrogen, however, usually more than 
half, is in the non-protein form and only less than half is 



345 



Fish in Nutrition: Value in Animal Feeding 



present in the form of amino acids. The percentages of 
oil and ash in fish solubles are usually low. 

Fish solubles are not normally used as a major source 
of nutrients for pigs, though they are sometimes used on 
account of their relatively high content of some of the 
B vitamins, and even more as a source of the controversial 
unidentified factor(s). The values given below, taken 
from Breirem (29, 30) are instructive about the content 
of B vitamins in fish solubles. 



Dry Nicotinic Pantothenic Vitamin 

matter Riboflavin acid acid B lt 

% mg.jkg. mg.lkg. mg.jkg. mg.jkg. 

Vacuum condensed 

herring soluble 50 14 175 100 0-8 
Ordinary herring 

meal 90 5 68 17 0-23 



A product akin to fish solubles is sometimes offered 
under the name "liquid fish" (43, 86, 197). It is a pro- 
cessed mixture of presscake and press-water, obtained 
after whole fish and fish trimmings are processed and 
cooked to remove the oil. 

The survey of literature on the value offish solubles as 
a supplement in pig rations does not lead to any definite 
conclusions. The evidence is often contradictory, but 
one gets the impression that the results of more recently 
conducted tests tend to discount the value of the product 
for pigs. However, there are some exceptions. 

Most probably the first published report on the use of 
fish extract in pigs' rations is that of Stahl and Friedrich 
(218) who obtained good response, when replacing with 
fish solubles a fish meal-soya bean meal supplement in a 
ration of cereals and potatoes. Lenkeit et al. (147) 
analysed several samples offish solubles and, on the basis 
of chemical analysis, followed by some digestibility trials, 
recommend that fish solubles should not be wasted in 
Germany, but fed as a supplementary food for livestock. 

Several reports followed confirming the beneficial effect 
of small additions of fish solubles to a variety of pig 
rations containing vegetable protein only (3, 43, 47, 86, 
108, 134, 149, 202, 248). Stahl, Ritze and Wiesner (221) 
used dried fish solubles mixed with bran in proportion 
1:1. The dried fish solubles were tested against three 
other animal protein factor supplements or against a 
supplement of 1 kg./pig/day of skim milk, and produced 
the best growth rates. 

On the other hand, Becker (18), Van der Vyver (226), 
Robinson, Coey and Burnett (199), Evans (73), Rutledge 
(203), Conrad, Plumlee and Beeson (51) recorded no 
improvement from addition of fish solubles to rations 
containing vegetable protein only, and the results of Frens 
and Ubbels (81) and Dyer et al. (68) were not conclusive. 

The evidence is much more definite that there is no 
advantage in adding fish solubles to rations with adequate 
fish meal content (81, 113, 131, 138, 224). 

In recent years, with the improvement in processing 
methods, the idea was developed in Norway (30) to 
return the fish solubles to the fish or herring meals and 



produce so-called "complete meals", Sperling (216) 
tested a "complete" fish meal and a "complete" herring 
meal as supplements to pig rations, and found them 
superior to "ordinary" meals. On the other hand, Fevrier 
et al. (77) and Dammers (57) found no difference in the 
performance of pigs receiving either "complete" or 
"ordinary" herring meals. 

Some workers used fish solubles in larger amounts. 
Evans (73) tested fish solubles as a source of protein to 
supply a similar amount to that provided by 7 per cent of 
white fish meal, and found it distinctly inferior (confirmed 
by nitrogen balance determinations). The fish solubles 
had, however, some supplementary value with cereal 
proteins. Throughout these tests, when fish solubles were 
used as the sole protein supplement it was noticed that 
the ration was rather unpalatable to the pigs. 

Kriiger and Hinrichsen (138) claimed that half of the 
80 g./pig/day allowance offish meal could be replaced by 
fish solubles without adversely affecting the performance 
of the pigs. 

Kraack ( 1 30) claimed that supplementation of a cereal- 
potato ration with 250 g./pig/day of fish solubles results 
in better performance than when 150 g./pig/day of soya 
bean meal was used. In a later test, Kraack (132) found 
that the performance of pigs on cereal-potato ration 
supplemented with 250 g./pig/day of fish solubles could 
not be improved by additions of either 50 or 100 g./pig/ 
day of fish meal. The author goes so far as to suggest 
that, when enough of vitamin B 12 is provided by the fish 
solubles, the addition offish meal has no beneficial effect. 
Comberg and Staunde (49) found that a ration supple- 
mented with 200 g. of soya bean meal -f 100 g. fish 
solubles per pig per day gave better growth rate and 
efficiency of feed utilization than a ration supplemented 
with 300 g./pig/day of soya bean meal, but that the 
improvement did not equal the performance obtained on 
a ration supplemented with 200 g./pig/day of fish meal. 
A supplement of 150 fish meal + 50 fish solubles gave 
nearly as good results as the 200 g. supplement of fish 
meal alone. 

Fish silage 

Large quantities of fish and fish offals are wasted each 
year in coastal areas not serviced by fish meal factories. 
Inland, the fish waste is usually of poor quality and not 
sufficient for economic production offish meal. In order 
to utilize these waste products, a lot of research and 
development work has been directed in recent years to 
the production of undried products for feeding to live- 
stock. The preparation of fish silage offered good pros- 
pects. Usually addition of a preservative is involved. The 
type and condition of the raw material determines to a 
great extent the quality of the silage. Fresh silage is of 
high quality only if made from lean fish. With high-fat 
(e.g. herrings), cooking must precede the ensiling process, 
in order to remove the fat. From the commercial point 
of view the cooked silage has an advantage, as it provides 
two soluble by-products : fish oil and fish solubles. 
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Dried silage can be prepared from cooked silage. 
Mixed silages have also been tried ; on one hand slaughter- 
house waste, antibiotic mycelia, etc., have been added, 
to enhance the value of silage as a supplement; on the 
other bulky foods like potatoes have been ensiled together 
with fish in order to produce a nutritionally balanced 
feed for pigs. 

The nutritional value of fish silage as a protein 
supplement for pigs has been established, but it is 
generally accepted that the feeding of fish silage (particu- 
larly if continued right up to slaughter) may result in 
off-flavours in the meat. 

Olsson (174) was most probably the first to describe 
ensiling processes for fish and fish waste. Methods 
described were those using A1V acid + molasses, 
formic acid, or lime as preservatives. Methods of making 
fish silage and its value in livestock feeding were also 
described by Jahn (1 17), Lund (153, 154), Petersen (182), 
Presthegge (187) and Sperling (213, 215). 

Kirsch, Jantson and Sieden (125), Kirsch and Plaude 
(126), and Kirsch (122) recommended the production of 
mixed potato-fish silage, claiming that raw or cooked fish, 
and either cooked or ensiled potatoes will give good 
results. 100 kg. potato silage + 7 kg. fresh fish produced 
silage of excellent quality. These authors also obtained 
good fish silage using formic acid as a preservative. 

Dammers and Dijkstra (59) produced fish silage by 
two methods : using 5 per cent AIV acid or 2 per cent 
A1V acid + 20 per cent molasses. Both silages, which 
had to be carefully neutralized before feeding, fed at the 
rate of 1 kg./pig/day to young growing pigs receiving 1 kg. 
cereals + potatoes ad lib. were found satisfactory. 
However, to prevent a fishy taste in the meat, the feeding 
of the silages had to be limited to the first part of the 
growing period. 

Pecht (181) found that fish silage made from fat fish 
(particularly herrings), when fed as a supplement to 
potatoes, resulted in good performance of the pigs, but 
that the meat and fat were tainted, even when the silage 
was withdrawn from the ration 4-6 weeks before 
slaughter. Fish silage from lean fish produced no adverse 
effects. No differences were recorded when the value of 
fish silage was compared with that of fish meal as a 
protein supplement to cereal rations. 

On the other hand, Olsson and Olofsson (175) found 
that a ration supplemented with fish meal gave better 
growth rate and efficiency of food utilization than rations 
supplemented with fish silage. 

Freeman and Hoogland (80) recommend the use of 
concentrated sulphuric acid for preparation of fish silage 
which has to be neutralized by ground limestone or chalk 
before use. Pigs receiving half of their ration as 
neutralized fish silage with no other ingredient of animal 
origin grew well ; but the authors suggested that possibly 
25-35 per cent of the ration may be preferred. They 
advised that the feeding of the silage should be dis- 
continued 2-3 weeks before slaughter to avoid fishy taste 
in meat. 



Jahn (117) described an experiment by Comberg and 
his co-workers, in which a comparison was made of raw 
or cooked fish silage with fish meal, all produced in 
"inland areas". The raw fish silage was a little higher in 
crude protein content, as some fish solubles were 
separated during cooking. On a protein basis 200 g./pig/ 
day of fish meal were equivalent to 700 of raw and 800 
g./pig/day of cooked silage. The pigs receiving the silages 
had better growth rate and efficiency of food conversion, 
but their meat had a fishy taint and smell. 

Sperling, Albrecht and Jahn (217) obtained as good 
results with their dried de-fatted herring silage as with 
herring meal. Provided the silage was withdrawn 4 weeks 
before slaughter, the carcass quality was good. The 
authors obtained good results also with a mixed silage 
consisting of 3 parts herring residues, 1 part streptomycin 
mycelia and 1 part animal blood. 

Haskell et al. (91) studied the flavour of meat from 
pigs fed on rations with fish silage, and compared it with 
that from pigs fed maize soya bean rations, using the 
scores from a taste panel and the thiobarbituric acid test. 
A moderate off-flavour, sufficient to make the meat 
undesirable to the consumer was detected by the panel in 
the meat from pigs fed fish silage. This off-flavour was 
greater in the fat than in the lean parts. The intensity of 
the off-flavour was not affected by removal of the fish 
silage from the ration, when the pigs reached 170 Ib. live- 
weight. 

Clausen et al. (46) conducted a series of experiments in 
order to establish the effect of herring silage on carcass 
quality. They used older pigs (purchased from slaughter 
houses) and fed herring silage for periods of different 
lengths, followed by periods without silage before 
slaughter. No clear-cut results were obtained because of 
variation from one test to another; but the condition of 
the animal at the start of the feeding period, the level of 
feeding and even season of the year tended to affect the 
severity of the adverse effects on carcass associated with 
the feeding of the herring silage. 

Fish products for breeding stock and baby pigs 

Although in some countries fish meal is used extensively 
in rations for breeding pigs (gilts, sows and boars) with 
satisfactory results, there is very little experimental 
evidence on which one could base quantitative recom- 
mendations or make comparisons with other protein 
supplements. The few results that have been reported 
point clearly to the need of directing research efforts to 
this rather neglected field. 

Wowra (247) reported that herring meal with a high 
oil content is a satisfactory protein supplement in rations 
for pregnant and lactating sows. 

Boaz (20, 21) has shown that sows kept on grass do not 
benefit from rations containing a high-protein supple- 
ment. In another experiment, with sows kept indoors, a 
rather puzzling result was obtained: namely, that 
addition of 1\ per cent fish meal to the ration had no 
effect on the performance of the sows, but that 1 5 per cent 
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appeared to be beneficial when judged by the number of 
pigs born, the number alive at 3 weeks, the number 
weaned, and by the weaning weights. 

Hennig (95) found no difference in value between 
protein supplements of animal and vegetable origin in 
sows rations, and Barber et at. (12, 13) reported no 
difference in vitamin B 12 content of sows colostrum and 
milk fed rations supplemented either with fish meal or 
with soya bean meal. 

A recent report on the value of fish silage for sows is 
that of Pecht (181) who fed herring silage to sows with 
good results. On the other hand Clausen et al. (44) 
obtained worse results with herring silage than with 
rations supplemented with a mixture of fish meal and 
meat and bone meal. The losses of piglets and weight at 
weaning were adversely affected. An interesting feature 
of this test was a comparison of herring silages with 
different pH values (2 and 4). 

Krider et al. (133) found benefits associated with the 
addition of 3-6 per cent of condensed fish solubles to a 
corn-soya bean ration for pregnant and lactating sows; 
but Card, Terrill and Becker (83) found no benefit on 
gestation or lactation from addition of 3 per cent men- 
haden fish solubles to purified rations for sows. 

Gage et al. (82) reported that fish solubles at increasing 
levels (0-6 per cent) produced a linear improvement in 
4-week gain and feed conversion of baby pigs. 

There is even less evidence on the value offish meal as 
an ingredient of creep feeds for suckling pigs, though it 
is generally recognized that it is a useful protein supple- 
ment for very young pigs. 

Stahl, Marring and Kiihler (220) reported that when 
added at 20 per cent of the creep feed white fish meal 
gave better results than cod meal. 

Nigul (171) found that replacement of whole or skim 
milk by fish meal in creep rations had no effect on the 
growth rate of the pigs. 

In recent years, the problem of artificial rearing of pigs 
has attracted much attention. Most of the formulae used 
for sow's milk replacers contain milk products as the 
main source of protein. However, in order to make the 
rations more economical, attempts have been made to 
replace the milk products by fish meal. Lucas, Calder 
and Smith (152), for example, obtained satisfactory 
results with pigs artificially reared from 9 Ib. liveweight 
on rations in which half of the skim milk was replaced 
by white fish meal. When all of the skim milk was 
replaced, the performance was not quite so good. 

Miscellaneous 

In this brief chapter a few papers are mentioned which 
deal with fish products and problems of rather unusual 
nature: 

Kernot and Speer (120) found "sea bream" meal (high 
in fat content) superior to best quality white fish meal as 
a supplement to rations of growing pigs. 

Lehmann (146) reported that lobster meal can be used 
as a protein supplement for pigs. 



Wo (236) found that crab meal containing 38 per cent 
crude protein 7 per cent oil and 40 per cent ash has no 
value as a protein supplement. 

Angel (4) obtained satisfactory results with shrimps fed 
at 5-20 per cent of the ration. 

Marschall and Davis (161) have suggested that shark 
meal (which may contain up to 88 per cent crude protein, 
though the average is 78-1 per cent) is an acceptable 
source of protein for pig rations. Fed at levels of 5*9 
to 14 per cent of the ration, shark meal was found 
equal to a skim milk supplement. It did not produce any 
off-flavour in meat. 

Lovern and Godden (151) suggested that the most 
promising of the various forms of "waste products" 
which are still discarded in British fisheries is the guts 
mainly stomachs and intestines, which usually are thrown 
overboard by trawlers. Such material is capable of giving 
a yield and type of meal similar to that obtained from 
the usual fish offal. A meal with 10 per cent moisture can 
have the following composition: crude protein 69-0, oil 
4-5, ash 8-2 per cent. 

Kudryavtsev (140) found that Dolphin and **midi" 
(Mytilus edulis mussel) meal, added as a supplement to 
pig rations, increased growth rate and efficiency of food 
utilization. 

Krupka, Pliszczynski and Skulmowski (139) were 
interested in the Norwegian fish paste containing 46-37 
per cent dry matter, 32-96 per cent crude protein, 3-97 
per cent oil and 9-45 per cent ash, and established its 
digestibility coefficients for organic matter, 83-39, and 
crude protein 78*68. 

Kraack (1956) used as a protein supplement in rations 
for sows a meal prepared from fish liver residues after 
extraction of oil, which contained 17-2 per cent crude 
protein and 18-3 per cent oil. The test involved only 
3 gilts. 

Dammers (58) found eel meal of similar value to her- 
ring meal as a supplement to cereal rations for growing 
pigs. 

Hvidsten (111) and Hvidsten and Husby (112) have 
shown that preservation of herring meal by nitrite did 
not have any adverse effects on pigs receiving up to 260 
g./pig/day. An extensive bulletin on the subject of preser- 
vation of herring meal with sodium nitrite has been 
published in Norway by Heen et al. (93). 

Homb (99) found no significant difference in perform- 
ance of pigs or in carcass quality, when comparing herring 
meal stored either in silos or in sacks. 

Englert et al. (70) described a "fish meal disease" in 
pigs caused apparently by feeding 5-8 per cent of normal 
fish meal (cod meal). They gave full chemical details of 
the suspected meal; but neither these nor full micro- 
scopical and bacteriological examinations provided a clue 
to explain the condition. 

Whale products 

When considering protein supplements for pigs, it has 
always been a matter of controversy whether to classify 
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whale products together with fish products. To make this 
review complete a few notes are included on the feeding 
of whale products to pigs. 

Whale-meat meal of good quality is accepted as a 
valuable source of nutrients for pigs, particularly of 
protein. The variation in composition can be very great, 
and one should beware of generalizations. The differ- 
ences in composition are mainly due to the method of 
processing adopted. Pritchard and Cawthorne (188) give 
details of composition of samples representing the range 
of whale meat meals used as feedingstuff. Although no 
official grading exists, whaling companies and merchants 
designate whale meat meals with protein content of 
80-85 per cent as grade A, those with 40-65 per cent as 
grade B, and meals derived mainly from bone as grade C. 

The following values quoted from Nehring (169) are 
instructive : 
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Woodman and Evans (243-244) used whale meat meal 
of the following composition: moisture, 5-58 per cent, 
crude protein 87-75 per cent (of which 82-56 per cent was 
true protein), oil 3-46 per cent, N-free extractives 1-15 
per cent, ash 2-06 per cent (CaO 0-05 per cent, P 2 O 6 0-90 
per cent, C1 2 0-03 per cent). The digestibility coefficient 
established on pigs were as follows: for protein 87-8, oil 
97-0. These details highlight the main features of whale- 
meat meal as a supplement for pigs: very high in protein, 
low in fat, and very low in minerals. 

Golding and Morris (87) fed pigs up to 100 Ib. live- 
weight on whale-meat flakes and found them as good as, 
or slightly better than, a supplement of white fish meal. 
When given to older pigs (up to bacon weight) the whale- 
meat meal gave slightly inferior results. There was no 
taint in the carcass. 

Schmidt, Kliesch and Giersberg (208) found whale- 
meat meal a satisfactory protein supplement for pigs, 
while Marsh and Kanagaratnam (162) considered it 
unsuitable for rations of weaner pigs. 

Yagovkin (249) considered the supplementary value of 
whale-meat meal as about equal to that of sunflower meal. 

Husby (109) and later Hvidsten and Husby (113) 
reported that whale-meat meal gave as good results as 
herring meal when fed as a supplement to rations of 
growing pigs. On the other hand Malkomesius (156), 
Richter and Briiggeman (195) and more recently Dam- 



mers (58) obtained better results with herring meal than 
with whale-meat meal. 

Hewitt (96) used whale solubles at 8 per cent as a 
source of protein in cereal rations, and found that the 
growth rate of pigs and their efficiency of food utilization 
was not as good as that of pigs receiving rations supple- 
mented with meat meal. The whale solubles consisted of 
a black viscous liquid with 45-50 per cent dry matter, 
42-48 per cent crude protein, 1-2 per cent oil and 4-5 per 
cent ash. On the other hand Alden, Sangster and Jones 
(1) and Hope, Weston and Garstone (105) found that 
condensed whale solubles can satisfactorily replace meat 
meal in rations of pigs. 
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PRELIMINARY REPORT ON THE USE OF FRESH ANCHOVY 

(Engraulis ringens) IN PIG FEEDING 

by 
A. BACIGALUPO, J. TELLEZ, R. PIMENTEL, and G. GOMEZ 

Fish meal is produced in Peru in large quantities for the animal industry (600,000 MT, 1960). Up to now, however, no attempt has 
been made there to use fresh anchovy in feeding chickens and pigs. 

However, the large difference in cost between the dry matter of fresh anchovy and that offish meal indicated the necessity of studying 
the use of fresh anchovy in the feeding of chickens and pigs. Work at the Agrarian University has been initiated to evaluate the possibilities 
of using Engraulis ringens in the ration of pigs raised near fishing ports. 

In the first test 12 baby pigs were separated in two lots of six each. Lot A was given a ration made exlusively of fresh anchovy, 
and Lot B a ration composed of 50 per cent fresh anchovy and 50 per cent balanced concentrate for pigs. The pigs were weighed weekly, 
and kept under observation for 2 months. At the beginning the animals were reluctant to consume the fresh anchovy, but became accustomed 
to it quite rapidly. In Lot A the general state of health, physical condition and the rate of growth were poor; whereas the animals of Lot B 
were in much better physical condition and had a better rate of growth. 

Since the pigs failed to show good results with anchovy alone, the animals of Lot A were classified in two sub-lots; one was in- 
corporated into Lot B, and the other made into Lot C with a new group of six baby pigs. Lot C was fed with equal quantities of anchovy 
and sweet potato, one of the most inexpensive sources of energy on the coast of Peru. The results of these treatments B and C were similar, 
although the rates of weight gain of both groups were moderate. From the economical point of view, however, pigs consuming the ration of 
anchovy and sweet potato made the cheapest gains of all. 

A second trial involving 36 pigs was carried out, using treatment B and C against a control standard ration. 

The animals were weighed at weekly intervals and the amount of food consumed was recorded. Observations were made on body- 
conformation and general appearance. Statistical analysis of the weight gains were carried out. Blood samples were taken to determine 
hemoglobin, hematocrit and R.B.C. (red blood count). 

The pigs were kept until they reached approximately 100 kg. of weight; cost studies were carried out to establish the economical 
significance of the use of anchovy in some pig rations. 

The pigs of Lot C, fed on anchovy and sweet potato, were placed on the control ration during the last 30 days of experiment. They 
were slaughtered 5, 10, 15, 20, and 25 days after being changed from ration C to the control ration. The effect of short periods on a fish- 
free diet was studied to ascertain how long a period is necessary to remove the fish flavor from the meat. 

At the end of the experiment the pigs of Lots B, C and control were slaughtered and the carcass quality evaluated. 

Meat cuts were used to establish meat quality, i.e. tenderness, color, flavor. (Special attention was paid to fish flavor). 

Samples of liver, kidney, heart and the ham were saved for histological studies. 

The results of these experiments allow us to conclude the following: (1) Anchovy can be used successfully as an ingredient of pig 
rations; (2) The use of anchovy in pig rations lowers the cost of pork production; (3) More research is needed to elaborate better pig rations, 
using anchovy as the main component. 

COMPTE RENDU PRELIM1NAIRE SUR L'UTILISATTON DE L'ANCHOIS 
FRA1S (ENGRAULIS RINGENS) DANS L' A LI MENTATION DU PORC 

Au Perou, la farine dc poisson est fabriquee en grande quantite pour Findustrie animale (600.000 tonnes en 1960). Jusqu'a present, 
il n'y a eu au Perou aucune tentative pour utiliser Fanchois frais dans Falimentation des poulets et des pores. 

Ccpendant, la grande difference entre le prix de la matiere seche de Fanchois frais et celui de la farine de poisson montre la necessity 
d'&udier Femploi de Fanchois frais dans Falimentation des poulets et des pores. L'Universit6 agraire a entrepris unc 6tude pour evaluer les 
possibilitds d'utiliser YEngraulis ringens dans les rations des pores eleves pres des ports de peche. 

Dans la premiere experience, on a separ6 12 porcelets en deux groupes de six. Le lot A'a 6t nourri d'une ration exclusive d'anchois 
frais; et le lot B, d'une ration composce de 50 / d'anchois frais et de 50% de concentre equilibre pour pores. Les porcelets etaient peses 
chaque scmaine, et gardes en observation durant deux mois. Au commencement, les animaux montraicnt une certaine repugnance a consom- 
mer les anchois frais, mais ils s'en accoutumaient assez rapidement. Dans le lot A, Fetat general de sante, la condition physique et le taux 
de croissancc dtaient mediocres, alors que dans le lot B les animaux etaient en bien meilleure condition physique et montraient un meilleur 
taux de croissance. 

Commc les pores ne pouvaient atteindre de bons resultats avec les seuls anchois, les animaux du lot A ont etc separes en 2 sous- 
groupes; Tun a et6 incorpor au lot B, et Fautre a fourni le lot C avec un nouveau groupe de six porcelets. Le lot C a 6t6 aliment^ avec des 
quantites egalcs d'anchois et de patates douces, Tune des sources d'6nergie la moins chore de la cote du Perou. Les r&ultats de ces regimes B 
et C ont 6t comparables, quoiquc le taux de gain de poids dans les deux lots ait et modere. Du point de vue economique, ccpcndant, les 
pores consommant la ration d'anchois et de patates douces ont donne les gains de poids les moins chers de tous. 

Une deuxieme experience mettant en jeu 36 pores a utilise les regimes B et C a cote d'un regime-temoin standard. Les animaux 
elaient peses a intervalles hebdomadaires, et la quantity de nourriture consommee, notde. Les observations portaient sur la conformation du 
corps et Fapparence generate. On a effectu6 une analyse statistique des gains dc poids. On a prelevd des chantillons de sang pour la mesure 
de Fhdmoglobine, Fanalyse a Fhematocrite et la numeration 6rythrocytaire. 

Les pores ont et& elevs jusqu'au poids approximatif de 100 kg. ; on a conduit des etudes de prix pour tablir Feconomie de Femploi 
des anchois dans quelques rations pour pores. 

Les pores du deuxieme regime, consommant des anchois et des patates douces, ont ete" mis au regime-temoin durant les 30 dernicrs 
jours de Fexp&rience. Us ont et6 abattus 5, 10, 1 5, 20 et 25 jours apres etre passes du regime C au regime-temoin. On a etudie Feffet des courtes 
durees de regime sans poisson pour prdciser le temps necessaire a la disparition de Fodeur de poisson dans la viande. 

A la fin de Fexperience, les pores des lots B et C et ceux du regime-temoin ont ete abattus, ct Fon a lvalue la qualite de leurs car- 
casses. 

Des tranches de viande ont servi a eiablir la qualitd de la viande: c'est-a-dire la tendrete, la couleur, la saveur (avee une attention 
particuliere au gout de poisson). 

Des echantillons de foie, de reins, de coeur et de jambon ont t& recueillis pour les eludes histologiques. 

Les resultats de ces experiences nous permettent d'arriver aux conclusions suivantes: (1) les anchois peuvent etre employes avec 
succes comme dement des rations pour les pores; (2) Femploi de 1'anchois dans ces rations abaisse le prix de la production du pore; (3) des 
recherches plus etendues sont necessaire pour ^laborer de mcilleures rations pour les pores avec Fanchois commc composant principal. 
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INFORME PRELIMINAR SOBRE EL EMPLEO DE ANCHOVETA FRESCA 
(ENGRAUL1S R1NGENS) EN LA ALIMENTACION DE CERDOS 

Aunque en Peru se fabrican grandes cantidades de harina de pescado para la industria pccuaria (600.000 tons. m6tricas en 1960), 
hasta ahora no se ha intentado emplear la anchoveta fresca en la alimentacibn de polios y cerdos en ese pais. 

Sin embargo, la gran diferencia en el cosle entre la materia seca de la anchoveta fresca y la harina de pescado pone dc relieve la 
necesidad de estudiar el empleo de aquella en la alimentaci6n de polios y cerdos. En la Universidad Agraria se ha iniciado una investigaci6n 
para evaluar las posibilidades de emplear Engraulis ringens en la racibn de cerdos criados ccrca de puertos pesqueros. 

En el primer ensayo, 12 lechones se dividieron en dos grupos de 6 cada uno. El grupo A fue alimentado con una raci6n compuesta 
exclusivamente de anchoa fresca; el grupo B, con una raci6n compuesta de un 50% de anchoa fresca y un 50% de un concentrado equilibrado 
para cerdos. Estos se pesaron scmanalmcnte, y se estudiaron durante dos meses. Al principle, se mostraban reacips a consumir la anchoa 
fresca, pero se acostumbraron a ella rapidamente. En el grupo A, el estado general de salud, condicibn f fsica y velocidad de crecimiento eran 
malos, en tanto que los animales en el grupo B estaban en mucho mejor estado ffsico y crecian mas rapidamente. 

Debido a la incapacidad de los cerdos dc rendir adccuadamente alimentandosc s61o de anchoas, los animales del grupo A fueron 
clasificados en dos subgrupos: uno que se incorpor6 al grupo B, y otro que constituyd el grupo C con otros 6 lechones neuvos. El lote C se 
alimento con cantidades iguales de anchoa y camote, una de las fuentes de energia mas baratas de la costa del Peru. Los resultados de los 
tratamientos B y C fueron analogos; y aunque los ritmos dc aumento de peso de ambos grupos fueron moderados, desde el punto de vista 
econ6mico los cerdos que consumian la racion de anchoveta y camote hicieron los progresos mas baratps de todos. 

Se realize un segundo ensayo con 36 cerdos cmpleando los tratamientos B y C y una raci6n testigo normal. Los animales se pesaron 
semanalmente, y se registro la cantidad de alimentos consumida, Se hicieron observaciones dc la conformacidn y aspecto general del cuerpo. 
Se realizaron analisis estadisticos de los aumentos de peso, y se obtuvieron muestras de sangre para determinar la hemoglobina, hematdclito y 
recuento de los hematics. 

Los cerdos se criaron hasta que alcanzaron unps 100 kg. de peso; se llevaron a cabo estudios de costcs para establecer la significa- 
ci6n econdmica del empleo de anchoveta en algunas raciones. 

Los cerdos alimentados con la segunda raci6n, consistcnte en anchoveta y camote, se pusieron en la racion testigo durante los 
ultimos 30 dias del experimento. Se sacrincaron a los 5, 10, 15, 20 y 25 dias despues dc pasar de la racion C a la testigo. Se estudi6 el 
cfecto que tiene una raci6n sin pescado durante cortos periodos, para determinar cuanto tiempo hace falta para que desaparezca el sabor a 
pescado de la carne. 

Al terminar el experimento, los cerdos de los grupos B, C y testigo se sacrificaron y se e value la calidad de las canales. 

Se emplearon diversos trozos para establecer la calidad de la carne, a saber: ternura, color y sabor (se prest6 especial atencion al 
sabor a pescado). 

Se obtuvieron muestras de higado, rinon, coraz6n y jam6n para efectuar estudios histo!6gicos. 

Los resultados de estos experimentos pcrmiten llcgar a las conclusiones siguientes: (1) la anchoveta da resultados satisfactorios 
como ingredientc en la alimentaci6n dc cerdos; (2) el empleo de anchoveta en la alimentation de los cerdos reduce el coste de su produccibn 
de carne; (3) se tienen que efectuar mas investigaciones para preparar mejores raciones para cerdos empleando anchoveta como el principal 
componente. 



DISCUSSION 

On the paper submitted by Dr. Braude,DR.l. W. LANE (U.S.A.) 
observed : Both in the United States and in Peru fish meal is a 
primary product for the food industry, not a by-product. 
DR. R. BRAUDE (U.K.): Lane is correct. However, in 
fairness to fish meal manufacturers in other countries one 
should add that a good quality fish meal can also be pro- 
duced from a high proportion of offal, provided that some 
fish flesh is added. 

DR. G. BORGSTROM (U.S.A.): It appears important to clarify 
certain basic concepts. The frequent comparisons made 
between fisheries and agriculture overlook the fundamental 
differences between them. Efficiency of sea-animals does not 
approach that of land-animals, but its cost to us is markedly 
lower. If we consider fish cultivation, the situation may be 
competitive. From this standpoint, carp production is 
economically superior to pig production. The question is, 
however: are we utilizing fishery products efficiently, when 
we use them for animal production? The answer is: it is 
more efficient to use fishery products directly. If the current 
production of fish be utilized in the Caribbean, these people's 
protein consumption could be raised to a level equal to that in 
the United States. I am certain that we shall see important 
changes in fishery products utilization. 
DR. H. L. A. TARR (Canada): Work in our laboratory indi- 
cates that fish meal may be heated to 300F for 3 hours 
before protein quality is lowered, while heating to 300F for 
shorter time may improve the nutritive value of fish meal. I 
recommend that this point be investigated further. 
DR. C. BYRD (U.S.A.): We have found that the only way to 
destroy the unknown growth factor is to ash the fish meal, as 
it is not destroyed by routine handling. 
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DR. R. BRAUDE (U.K.): Results of our biological studies 
indicate that technological treatment of fish meals may not 
necessarily affect the quality of the product in the way 
intended. 

DR. O. R. BRAEKKAN (Norway): From our biological tests, it 
was found that these tests may be improved by better eviron- 
mental control (i.e. timed feeding; timed feed mixing, etc.). 
Therefore, both animal response and experimental conditions 
must be discussed before experimental results can be evaluated. 
DR. A. M. LEROY (France): The interpretation of results of 
any feeding experiment requires a thorough knowledge of all 
experimental conditions. The following is an example of how 
a poor-quality fish meal, as determined by Dr. Carpenter's 
lysine test, may be evaluated incorrectly : A diet of potatoes 
and clover meal may result in a good amino acid distribution. 
Thus, any addition of the above fish meal to this basic diet 
could give satisfactory results, even though the fish meal 
itself was of poor quality. It is important therefore to study 
all methods and procedures involved in an experiment. 
MR. F. BRAMSNAES (Denmark): Dr. Braude stated that silage 
is of high quality only when made from lean fish. This is not 
always true. If the greater part of the oil from fatty fish is 
removed, silage of high quality can be made. However, 
cooking is not the best way to remove the fat, as some of the 
nutrients may be destroyed. Although various methods are 
available, a cold enzymatic partial breakdown is preferable 
before the oil is removed. In many of the experiments with 
fish silage, a residual flavour is found in the pig's flesh. To 
eliminate this problem a smaller quantity of silage should be 
fed. 

DR. R. BRAUDE (U.K.): In reply to Dr. Braekkan's com- 
ments, all of our tests have been conducted with an attempt 
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to control all the environmental and experimental conditions 
you have mentioned. The only difference between our various 
experimental stations was the pig supply and the climatic 
environment. The only reasonable way to test protein supple- 
ments is to work at marginal protein levels; for, as you know, 
our current standards contain very wide safety margins. 
Personally, I have little knowledge of fish silage. However, 
after an objective review of the literature, it appears that 
considerable work needs to be conducted on silage for pigs. 

On the paper submitted by Dr. Bacigalupo, DR. L. E. OUSTER- 

HOUT (U.S.A.) asked: Could vitamins of the B group have 

been responsible for the differences in rate of gain found by 

Dr. Bacigalupo? 

DR. A. BACIGALUPO (Peru): As a side test, " slow gainers " 

were given all vitamins except E (which was in short supply) 

without noticeable effect. 

DR. T. KANEDA (Japan): Are any exact data on iodine 

numbers available? 

DR. A. BACIGALUPO (Peru): Lot 1 was 48-5; Lot 2, 62; and 

Lot 3, 68. 

DR. D. G. SNYDER (U.S.A.): Do anchovies contain thiami- 

nase? 

DR. A. BACIGALUPO (Peru): Information on the presence of 

thiaminase in anchovies is believed to be unavailable at this 

time. 



DR. A. M. LEROY (France): Was pH level of the meat deter- 
mined ? Certain rations tend to lower the pH of meat ; and, if 
the pH is too low, the meat is rejected for some uses. The 
pictures showed a good proportion of fat to lean ; however, 
the paleness of the meat suggests anaemia. 

DR. A. BACIGALUPO (Peru): The pH of the meat was deter- 
mined, but such data are not available here. Perhaps a slight 
anaemia may have been present, and an iron supplement 
might have given a good response; this may be an answer to 
one of our problems. 

DR. L. E. OUSTERHOUT (U.S.A.): Herring meals on the West 
Coast resisted heat damage; but menhaden meals are definitely 
susceptible to such damage. 

DR. K. J. CARPENTER (U.K.): Colour changes appear to be 
related to disappearance of ribose nuleic acid. Studies of 
menhaden meal, in comparison with other meals, appear to 
offer interesting possibilities. 

DR. J. W. JEBSEN (Norway): Perhaps, reduction of available 
lysine of the fish meal may have accounted for some of the 
results observed by Carpenter. 

DR. K. J. CARPENTER (U.K.): It was pointed out by Morri- 
son (Canada) that the solvent at low temperatures does not 
damage the meal. But, when the solvent is drawn off at an 
elevated temperature, damage undoubtedly can occur. 
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Section 2c: POULTRY NUTRITION 

FISH AND FISHERY PRODUCTS IN POULTRY RATIONS 

by 
J. BAELUM 

Fish meal and condensed fish solubles are by far the most important feedingstuffs of fish origin. Commercial fish meals are manu- 
factured from various fish or waste products from the fish industry; the type of the raw material and the method of manufacture greatly 
influences the value of the product as feed for poultry. The chemical composition of the fish meal depends on the raw material employed, 
whilst the factory treatment influences its protein value. It has been reported that drying fish meal at relatively low temperatures gives a better 
product than results from high temperature drying. 

With these reservations, fish meal may be considered as the best source of high quality protein, containing considerable amounts of 
all the essential amino acids, though not particularly high in methionine. 

Fish meal has been a common ingredient in poultry rations as long as rational feeding of laying birds and chicks has been practised. 
Although the protein requirements of poultry can be largely satisfied by vegetable protein, experience has shown that higher egg production 
from laying birds and better growth rates with chicks are obtained when feeds of animal origin, especially fish meal, are included in the ration. 

A partial explanation of the special nutritive value of fish meal was obtained with the discovery of the "animal protein factor", of 
which vitamin B, was later found to be an effective part. Numerous investigations have shown, however, that the specific effect of fish meal 
is not due to its content of vitamin B, 2 alone. Other unidentified growth factors appear to exist in fish meal and other fish products, although 
a specific effect of this type has not been found in all cases. 

Even though fish meal protein is considered to be of superior feeding value and is difficult to replace, it is used in relatively small 
amounts of 3-5 per cent, since vegetable protein is cheaper. 

Fish meal does, however, have some undesirable properties. If fed in large amounts, it may induce a fishy flavour in poultry meat, 
and to a lesser extent in eggs. White fish meal has been reported occasionally to cause a significant depression in the hatchability of fertile 
eggs. Furthermore, fish meal from some countries has been shown to be infected with salmonella bacteria, and thus to spread this disease 
in the poultry flocks. 

Owing to the high content of vitamin B 12 condensed fish solubles are used as a supplement in many vegetable chicken diets. Various 
tests have shown that the supplementation of a vegetable diet (corn and soybean meal ration) with condensed fish solubles increases the growth 
rate of chicks. No less remarkable are the results of American trials which show a similar, but smaller, effect when supplementing feeding- 
siuffs with the ash of fish solubles and dry whey. These inorganic constituents produced a highly significant increase in growth. 

In Scandinavian countries condensed fish solubles are not used as a special ingredient in the ration, but arc included in the fish 
meal, whereby it becomes rich in vitamin B 12 . Herring meal, supplemented with condensed fish solubles, is known under the name of "whole 
meal" and is considered to be the best fish meal on the market. 

No doubt it would be in the interest of the poultry producers and the feed manufacturers (and probably stimulate the demand for 
fish meal) if the commercial meals were standardized to some extent, showing less variability in the chemical composition and the nutritive 
value; fish meal may be expected to be absolutely free of pathogenic bacteria. The salt content of the product must be low; if it exceeds a 
certain low limit, the content must be stated. 

If the substances which produce the fishy flavour in poultry meat and eggs could be economically extracted, the amount of fish 
meal in poultry rations could be increased without risk of off-flavour in meat and eggs; but it is not likely that fish meal will ever be able to 
compete in price with soybean meal. 

POISSON ET PRODU1TS DU PO1SSON DANS L' ALIMENTATION DE LA VOLA1LLH 

La farine de poisson et les solubiliscs concentres de poisson sont de loin les aliments les plus importante issus du poisson. Lcs 
farines commerciales de poisson sont fabriquees depuis divers poissons ou divers dechcts de Tindustrie du poisson, et la valeur du produit 
destin6 a ralimcntation de la volaille est beaucoup influences par le type de ma tie re premiere ct la mcthode de fabrication. La composition 
chimique de la farine de poisson depend de la matiere premiere employee, alors que le traitement en usine influence la valeur proldique. On 
a signalc que la farine de poisson sechee a des temperatures relativement basses donne un produit meilleur qu'avcc un sechage a haute tempe- 
rature. 

Sous ces reserves, la farine de poisson pent etre consideree comme la source la meilleurc de proteines de haute qualitc, contenant 
des quantites considerables de tous les acides amines essentiels, quoiqu'avec unc teneur qui ne soit pas particulierement haute en methionine. 

La farine dc poisson est un element commun des rations pour la volaille depuis qu'on pratique une alimentation rationnelle des poules 
pondeuses et des poulets. Bien que les exigences prot&ques de la volaille puissent etre largement satisfaites par des proteines vgetales, Tex- 
perience a montr6 qu'on obtcnait unc production d'ocufs plus elevee des poules pondeuses et de meilleurs taux de croissance chez les poulels 
en incluant dans leur ration des aliments d'originc animale et, spdcialement, de la farine dc poisson. 

On a trouve une explication partielle a la valeur nutritive particuliere de la farine dc poisson en decouvrant le "facteur proteique 
animal", dans Jequel on a trouv6 ulterieurement que la vitamine B la jouait un role effectif. Cependant, de nombreuses recherehes ont montre 
que reflet specifique de la farine de poisson n'est pas du a sa seule teneur en vitamine B ]2 . D'autres facteurs de croissance non identifies 
semblent exister dans la farine de poisson et dans d'autres produits du poisson, quoiqif un effet specifique dc ce genre n'ait pas 6te trouv 
dans tons les cas. 

Bien que les proteines de farine de poisson soient considerees dc valeur alimentaire supcrieure ct d'un rcmplaccment difficile, on n'en 
utilise que de faibles quantites, de 3% a 5%, car les proteines vegetales sont moins cheres. 

La farine de poisson peut presenter toutefois quelques propri6t6s desavantageuscs. Donnec en grandes quantites, ellc peut amener 
la chair de poulet et, dans une mesure moindre, les oeufs, a sentir le poisson. On a signal^ que la farine blanche de poisson provoquc occasion- 
nellement une diminution notable dans le taux d'eclosion des oeufs fertiles. En outre, on a montre que la farine de poisson venant de certains 
pays etait contaminee de bacterics Salmonella et repandait ainsi cette maladie dans les poulaillers. 

Par suite de sa haute teneur en vitamine B ia , les solubilises condensds de poissons sont utilises comme supplement dans beaucoup 
de regimes vegetaux pour les poulets. Des essais divers ont montrd que la supplementation d'un regime vegetal (ration de farine de malts et 
de soja) avec des solubilisds condenses de poisson augmentait le taux de croissance des poulets. Les resultats des essais americains, qui ont 
dcmontr un effet semblable mais plus faible d'une supplementation des aliments avec de la cendre de solubilises de poisson et du petit-lait 
sec, sont aussi remarquables. Ces constituants inorganiques ont produit une augmentation tres notable de la croissance. 

Dans les pays scandinaves, les solubilisds condenses de poisson ne sont pas utilises comme ingredient particulier des rations, mais 
sont inclus dans la farine de poisson qui s'enrichit ainsi en vitamine B 12 . La farine de hareng supplemented avec des solubilises condensds de 
poisson est connue sous le nom de "farine entire", et considered comme la meilleure farine de poisson disponible sur le marche. 

II n'y a pas de doute qu'il serait de 1'interet des eleveurs de volaille et de celui des fabricants d'aliments, lout en stimulant probable- 
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mcnt la demande pour la farine de poisson, que les farines du commerce soient normalises dans une certaine mesure et varicnt moins dans 
leur composition chimique et leur yaleur nutritive; on doit demander a la farine de poisson d'etre absolument nette de toutes bacteries patho- 




s facon 

et les oeufs; mais il est pcu probable que la farine de poisson puisse jamais entrer en competition avec la farine de soja en conside>anl leur 
prix. 



EL PESCADO Y LOS PRODUCTOS PESQUEROS EN LA ALTMENTACION DE LAS AVES 

La harina y los solubles condensados de pcscado son, con mucho, los piensos mas importantes de origen pesquero. Las harinas de 
pescado del comercio sc fabrican a partir de varios pescados o desechos de su industrializaci6n, y la clase de materia prima y metodo de manu- 
factura influyen mucho en el valor del producto como alimcnto para ayes. La composicibn quimica de la harina de pescado depcnde de la 
materia prima empleada, y la manera en que esta se trate en la fabrica influyc en su valor proteico. Se ha informado que secar la harina de 
pescado a temperaturas relativamente bajas da un producto mejor que una desecacibn a temperaturas altas. 

Con estas reservas, la harina de pescado puede considerarse como Je mejor fuente de proteinas de aha calidad, con un considerable 
contenido de todos los aminoacidos esenciales, aunque sin un indice particularmente elevado de metionina. 

La harina de pescado ha sido un ingrediente comun en las raciones de las aves desde que se practica la alimentacibn racional de las 
gallinas ponedcras y de los polios. Aunque las necesidades de proteina de los polios pueden satisfacerse en gran parte con proteinas vegetates, 
la experiencia demuestra que se logra una mayor producci6n de huevos de gallinas ponedoras y un mayor crecimiento de los polios cuando 
se adicionan a la raci6n piensos de origen animal, especialmente harina de pescado. 

Se logro una explicaci6n parcial del valor nutritivo especial de la harina de pescado con cl descubrimiento del "factor proteico 
animal", en el que posteriormente se encontr6 que la vitamina B n desempeflaba un papel positivo. Sin embargo, numerosas invcstigaciones 
han demostrado que el efecto cspecffico dc la harina de pescado no se debe exclusivamente a su contenido de vitamina B ls . En la harina y 
otros productos de pescado parecen existir otros factores de crecimiento no identificados, aunque no en todos los casos se'ha observado un 
efecto especffico dc cste genero. 

Aunque las proteinas de la harina de pescado se consideran como de valor alimenticio superior y dificil de substituir, se emplea en 
las cantidades relativamente pequenas de 3% a 5%, porque las proteinas vegetales son mas baratas. 

Sin embargo, la harina de pcscado ticnc algunos inconyenientes. Si se emplea en grandes cantidades, puede dar sabor a pescado a 
la carne de los polios y, en menor grado, a los huevos. Se ha indicado que la harina de pescado bianco provoca ocasionalmente una dis- 
minucion sensible en la proporci6n de nacimientos dc huevos fertiles. Ademas, se ha demostrado que la harina de pescado de algunos paises 
est contaminada con bacterias Salmonella y propaga esta cnfermedad por los gallineros. 

Dcbido al elevado contenido de vitamina B 12 , los solubles de pescado condensados se emplean como complemcntos en muchos 
regimenes vegetales para polios. Varios ensayos han demostrado que si una alimentaci6n a base de vegctalcs (harina de maiz o de soja) se 
complementa con solubles de pescado condensados, aumenta la yelocidad de crecimiento dc los polios. Son notables los resultados de ensayos 
norteamericanos que muestran un efecto analogo, pero mas ddbil, cuando los piensos se complementan con la ccni/a de solubles de pescado y 
clc sucro lcteo seco. Estos constituyentes producen un aumento muy notable de crecimiento. 

En los paises escandinavos los solubles dc pcscado condensados no se emplean como ingredientes particulares de las raciones, pero 
se incluyen en la harina de pescado, que se enriquece asi de vitamina B, 2 . La harina de arenque, con un complemento de solubles de pescado 
condensados, red be cl nombrc dc "harina entera" y se considera como la mejor harina dc pcscado que se encuentra en el mcrcado. 

Es evidente que interesara a los avicultores y a los fabricantes de piensos (y probablemente estimulard la demanda de harina de pes- 
cado) si las harinas del comercio se normal izasen en cierta medida, y variasen menos la composition quimica y el valor nutritivo; se debe 
exigir que la harina de pescado este absolutamente cxcnta de toda bacteria patdgena. El contenido de sal del producto debe ser bajo; y, si 
cxcede dc cierto limite reducido, debe indicarse cual es este. 

Si las substancias que dan sabor a pcscado a la carne de polio y a los huevos pudieran cxtractarse economicamente, la cantidad de 
harina de pescado en la alimentation de las aves podria incrementarse sin pcligro de olores desagradables en la carne y los huevos; pero no 
es probable que la harina de pescado pueda jamas competir con la de soja, debido a sus precios. 



FTSH meal and condensed fish solubles are by far the 
most important products of fish origin used in 
poultry feeds. Fish meal is manufactured by 
boiling, drying and grinding either whole fish or the 
offals offish used for human consumption. The chemical 
composition of the meal will therefore vary, depending 
upon whether whole fish or fish waste is used as the raw 
material. 

Fish meal manufactured from whole fish, especially 
herring, is rich in fat if the oil is not extracted, whereas 
fish meal of fish waste origin contains less fat, but often 
much mineral material. 

In certain countries white fish meal is preferred to 
herring meal since a high fat content may make the 
meal rancid, and the oil may taint both meat and eggs. 
In Great Britain "white fish meal" is defined as a pro- 
duct containing not more than 6 per cent of oil, and not 
more than 4 per cent of salt, obtained by drying and 
grinding or by some other method of treating waste of 
whole fish. In Norway, where the production of fish 



meal is very important, distinction is made between 
herring meal and fish meal. Herring meal is manufactured 
exclusively from herring, and is a high quality feeding- 
stuff. Fish meal is manufactured from other types of 
fish, mainly cod and fish offal, and is not considered to 
be as valuable as herring meal. Usually herring meal 
contains more fat than fish meal. In Denmark fish meal 
containing 65-70 per cent of protein is called herring 
meal, whilst fish meal with a lower protein content is 
called fish meal. The rule does not apply in all cases. 

As an example of the chemical composition of herring 
meal and fish meal, the following four analyses are given, 
standardized to 10 per cent water: 



Herring meal 


Fish 


meal 




1 


2 


3 


4 


Protein 


. 70-5 


68-0 


56-6 


51-2 


Fat . 


. 4-5 


9-1 


2-4 


13-7 


N-free extract 


. 0-2 


1-0 


1-8 


3-0 


Ash . 


. 14-8 


11-9 


29-2 


22-1 


Water 


. 10-0 


10-0 


10-0 


10-0 
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Herring meal No. 2 has a rather high fat content and 
is probably manufactured from fat herring. The fat 
content offish meal No. 3 is low and the mineral content 
high, indicating that much fish offal (heads and bones) 
has gone into this product. Fish meal No. 4 is probably 
manufactured from fat industrial fish. 

In practice very little distinction has been made be- 
tween meals prepared from whole fish or from the waste 
of the fish industry. The term "fish meal", has been 
generally applied to the different products without 
distinguishing between the source of the material. In 
the following, the term fish meal will be used to describe 
fish meal with a high protein content and high biological 
value, unless otherwise stated. Aagren (17) gives the 
content of the three most important amino acids as 
follows : 



Similar results were reported from trials in many other 
countries. As an example, a trial conducted by Heuser 
et al. (18) may be mentioned, where fish meal, solvent 
soybean oil meal, corn gluten feed, cottonseed meal, 
linseed oil meal, peanut oil meal and wheat germ meal 
were added to a basal mixture as protein concentrates. 
The addition of 3 per cent fish meal to the single vegetable 
protein concentrates increased the growth of all of them. 

To obtain optimum growth and feed efficiency for 
chicks up to 8 weeks of age, the ration can derive its 
supplementary protein chiefly from soybean oil meal; 
but it should contain a minimum of 2-3 per cent of 
animal protein concentrates, such as fish meal, meat scrap 
or dried skim-milk. Similar results were obtained in a 
Danish trial (3) where the chickens were kept on build-up 
litter: 



Lysine 

Methionine 

Cystinc 



9-5 g. per 100 g. protein 
3*1 , , , M 
0-9,, 



The content of lysine and methionine is higher than 
that usually found in soybean meal, though the methio- 
nine content is no higher than that of sunflower seed 
meal. Furthermore, fish meal, and especially fish 
solubles, have a high content of the B-vitamins, including 
riboflavin and vitamin B 12 . No vitamin A would be 
expected in fish meal; and in fish meal where the liver 
is not included, no vitamin D is found either. However, 
the mineral content is high, both herring meal and fish 
meal being good sources of calcium and phosphorus. 

Feeding trials with fish meal 

Fish meal has been used as an ingredient of poultry 
rations in most countries as long as rational feeding of 
hens and chickens has been practised. Numerous 
reports of trials with fish meal have been published. It 
is impossible to refer to them all in this paper, but 
mention may be made of the excellent literature revues of 
Menge, Combs et al. (30), Branion and Hill (9), Ras- 
mussen et al. (39), and Lillie et al. (24, 26). 

Early trials showed that feedingstuffs of vegetable 
origin rich in protein can satisfactorily make up a part 
of the protein in a diet for poultry; but these rations 
ought to contain a certain amount of protein of animal 
origin, usually fish meal, and meat and bone meal. The 
following results were obtained in a Danish experiment 
(1936) with laying birds, in which two rations, each 
containing 20 per cent crude protein, were tested, the 
one ration containing only vegetable protein, and the 
other containing 15 per cent fish meal and meat and bone 
meal: 



No. of eggs per hen, 10 months . 



Vegetable Animal 
protein protein 

126 153 



Herring meal, per cent 
Soybean meal, per cent 

No. of chickens 
Weight, 87 days, g. 
Feed conversion . 




22 

402 
1315 
4-33 



4 
15 

402 
1373 
4-04 



8 
9 

402 
1392 
3-86 



The vegetable ration containing soybean meal gave 
rather good results, but the 2 groups fed herring meal 
showed better growth and improved feed conversion. 

Similar results were obtained with chickens (N.H. x 
W.L.) kept in batteries (4): 



Fish mealt per cent 





2 


4 


6 


Soybean meal, per cent 


21 


18 


15 


12 


No. of chickens 


. 300 


300 


300 


300 


Weight, 52 days, g. . 


. 487 


487 


518 


570 


Feed conversion 


. 3-38 


3-34 


2-99 


2-98 



On replacing soybean meal with increasing amounts 
of herring meal, increased growth rates and better 
feed conversion were obtained with the chickens. 

Characteristic for fish meal of good quality is the 
high protein content, which depends on the amount of 
ash in the meal. The protein has a high digestibility 
coefficient and a high biological value, thus making fish 
meal difficult to replace completely in poultry feeds. In 
general, fish meal is the best source of high quality 
protein. 

Fish meal and antibiotics 

Related to the growth stimulating effect of fish meal, 
the effect of feeding antibiotics to chicks is less when 
fish meal is included in the diet than on an all-vegetable 
ration. Fuller et al. (16) report: When streptomycin was 
fed in combination with vitamin B 12 or fish solubles, 
the improvement in growth rate over that produced by 
these supplements alone was slight. Similarly Branion 
and Hill (9) reported that the percentage growth response 
of chicks to procain penicillin is lower if fish meal is 
included in the diet, but average growth is greater. 
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This is to be expected. The greatest percentage effect of 
antibiotics is obtained when the control group is growing 
slowly due to a deficient feed ration. 

The protein quality of fish meals 

The nutritive value of fish meal depends, not only on 
the type of raw material used in the manufacture, but 
also upon the method of processing; the drying process 
is especially important. Numerous trials have been 
performed to determine the nutritive value of com- 
mercial fish meals. 

Record, Bethke, Wilder and Kennard (40) found that 
fish meals vary greatly in their nutritive value. Excessive 
drying temperatures affect the biological value. Also the 
nature of the original material affected the nutritive 
value. Rations containing fish meals, with the excep- 
tion of flame-dried menhaden fish meal, were utilized 
more efficiently than those containing meat scraps. The 
shell-fish meal (crab and shrimp) were not utilized so 
efficiently as the other fish meal rations. 

Wilgus, Norris and Heuser (47) reported that flame- 
dried fish meal was of inferior value. Rhian el al. (41) 
found that commercial dog-fish meals purchased on the 
open market had very little value as protein feeds for 
chicks. 

March, Stupich and Biely (28) compared 8 samples of 
fish meal and meat meals, and reported the following 
protein index values which represent the nutritional 
value of the protein of the fish meal : 



Percentage of total N 

present in 
Protein index digestible protein 



Herring meal, vacuum-dried 
Herring meal, flame-dried 
Herring offal meal . 
Salmon offal meal . 



83 
69 
81 
79 



86-5 
72-3 
85-0 
83-2 



These figures indicate considerable variations in the 
nutritive value of the fish meals used. 

Clandinin (11) studied the effect of methods of proces- 
sing on the nutritive value of herring meals. Meals of 
equal nutritive value may be produced by different 
methods of drying; but meals dried at high temperature 
(220F 105 C) may be expected to be decidedly 
inferior in nutritive value to meals dried at lower tem- 
peratures or vacuum-dried meals. Liberation of essential 
amino acids by enzymatic hydrolysis is similar. 

Nehring and Wiinsche (32) gave the following 
"relative protein values" for various types of fish 
meal: 





Relative 




protein value 


Herring meal No. 


1 (standard) 100 


Herring meal No. 


11 








110 


Fish meal No. 


5 












100 


Herring meal No. 


14 












68 


Fish meal No. 


2 












64 


Fish meal No. 


3 












67 



The fish meals examined showed considerable varia- 
tion in the protein values. 

Tarr, Biely and March (45) found chick growth rates 
considerably slower with the rations containing com- 
mercial flame-dried herring meals than with the meals 
dried at low temperature. Supplementation of rations 
containing the commercial meals with a mixture of 
vitamins of the B-complex raised the nutritive value of 
the commercial meals to that of the low temperature 
meals. 

Maclntyre (27) showed that commercial-grade fish 
meals produced in the maritime provinces vary consider- 
ably in growth-promoting quality for growing chickens, 
confirming observations made by many workers on fish 
meals produced in other regions. Growth rate on diets 
in which the different fish meals supplied approximately 
40 per cent of the crude protein varied from 106 to 81 
per cent of that on the control diet. Differences were 
noted between different brands of fish meal as well as 
between different batches of the same brand of meal 
produced at different times. Thus, brand name or 
registration number is no guarantee of uniform quality. 
The data presented suggests that the variation in growth 
is due to variation in the quality of the protein present 
in the fish meals. 

Bender and Haizelden (5) examined 27 samples of 
commercial fish meals and deodorized fish flours in- 
tended for human consumption. Digestibility and net 
protein utilization was determined by rats. Biological 
value was calculated by dividing net protein utilization 
by digestibility. NPU ranged from 18 to 80, digestibility 
from 47 to 97, and biological value from 39 to 79. 

Laksesvela (21) compared the growth of chicks 
receiving unheated herring meal or spontaneous heated 
herring meal : 



Herring meal 

Unheated , 
Heated 



Gain (g.) 
after 2 weeks 

39 J_3-2 
15 + 1-9 



The chicks ate much less of the diet containing heated 
meal than they did of the diet with good meal. The 
spontaneous heating of herring meal to a dark brown 
colour changed the ratio of available amino acids to 
such an extent that it totally failed to sustain life. 
Chemical analysis showed a 40 per cent fall of "available 
lysine" in the sample. However, lysine could not be the 
most affected amino acid. 

Finally Laksesvela (22) undertook trials with herring 
meal of high and low free fatty acid content fed to 
chickens, and concluded that the percentage content of 
the free fatty acids cannot be used as a basis for the 
evaluation of herring meal. 

Condensed fish solubles 

Numerous workers have investigated the supplementary 
effect of small amounts of animal protein feeds in diets 
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containing vegetable proteins. When the "animal 
protein factor", of which vitamin B 12 later proved to be 
the effective substance, was discovered in the U.S.A. in 
1949, an explanation of the specific effect of feedstuffs 
of animal origin was suggested; namely that these 
feeds, and especially fish products, had a high vitamin 
B 12 content. 

Fish press water is obtained by hydraulic extraction 
of the oil. On evaporating press water, condensed fish 
solubles are obtained, the chemical composition being 
as follows (46) : 



Protein 








33-5 per cent 


Fat . 








4-0 


N-frce extract 








0-5 


Ash 








12-0 


Water 








50-0 



Lillie et aL (25) determined the B 12 potency of some 
feedingstuffs and concentrates and report the following 
contents of vitamin B 12 . 



Fish solubles A 










0-98 mg. per kilogram 


Fish solubles B 










0-75 








Fish solubles C 










0-39 








Whale solubles 










0-28 








Liver meal 










0-55 








Herring fish meal 










0-30 








Norway fish meal 








0-25 








Meat and bone scrap 








0-10 








Whey, dried 








0-03 








Buttermilk, dried 








0-02 









Berry et aL (6) found that fish press water, fish liver 
meal, and animal liver meal appear to be three of the 
most satisfactory supplements to a corn and soybean 
oil meal ration. 

Cravens and co-workers (14) reported that the addition 
of condensed fish press water was highly effective in 
supplementing a basal diet, composed of yellow corn, 
wheat by-products, meat scraps, soybean oil meal, 
minerals, fish oil and containing adequate riboflavin. 

Lassen and Bacon (23) proved that, under the condi- 
tion of the experiments, condensed fish solubles can be 
incorporated into a poultry ration with good results. 

Wisman et aL (48) found results that may be indicated 
by the following figures: 



these feeds alone. A great number of investigations 
indicate that fish solubles and other products of fish 
origin have an unidentified growth factor, different 
from vitamin B ia . This may be a question of the amino 
acid composition of the animal protein, since there is 
interaction between methionine and vitamin B 12 - If the 
feed contains much methionine (which is seldom the 
case), vitamin B 12 shows only little influence. 

Heuser and Norris wrote (19): "A number of reports 
have appeared indicating that vitamin B 12 was a complete 
substitute for fish products. The experience in this 
laboratory does not agree with these reports. The 
following results were found : 



Supplement to vegetable 
protein ration 

Crystalline vitamin B 12 
Fish meal . 
Condensed fish solubles 



Weight 8 weeks Microgram of B 12 
per cent added per Ib. of ration 

100 6-4 

107 2-0 

112 0-6 



The results show that animal protein feeds contain 
some as yet unknown nutritive factor. There is some 
evidence to indicate that some of the growth stimulus 
due to animal protein feeds can be obtained by the 
feeding of antibiotics". 

Fuller, Carrick and Hauge (16) supplemented a vege- 
table basal ration of 57-5 per cent yellow corn and 38 
per cent soybean oil meal plus vitamins and minerals 
with vitamin B 12 , APF or fish solubles. The chicks 
were depleted for 2 weeks. 



Supplement None 

Gains 2-8 weeks, g. 616 



785 



APF 

791 



Fish solubles 
805 



With one exception condensed fish solubles have pro- 
duced greater growth in chicks than vitamin B ]2 . This 
suggests the possible presence of unidentified factors in 
fish solubles. 

Baelum (2) reported similar results. The vegetable 
mixture contained 25 per cent soybean meal and the 
chickens were kept in batteries : 



Weight 4 weeks, g. 
Feed : gain ratio . 



Vegetable basal diet 
no animal protein 5 per cent fish solubles 

316 337 

2-10 2-09 



A consistent overall growth response was evident from 
fish solubles. 

Unidentified factors in feeds of fish origin 

The favourable influence of animal protein cannot, 
however, be attributed to the vitamin B 12 content of 



No. of chickens 
Weight, 8 weeks, g. 



Vegetable ration 

-I 

unsupple- condensed -f- 15 per cent 
mented fish solubles APF animal protein 

130 130 130 130 

580 651 657 718 



The two feed supplements increased the weight of the 
chickens, but the best results were obtained using a 
feeding mixture containing animal protein. The vege- 
table rations were not supplemented with methionine. 
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Corresponding results were obtained in an experiment 
by Petersen(38): 



Group 


1 


2 


3 


4 










Basal + 




Basal 


Basal 4- 


Basal -\- 


4 per cent 




vegetable 


5 meg. B 1Z 


4 per cent 


fish meal 


Feed 




per kg. 


fish meal 


1- B lt 


Weight at 42 days, g. 


466 


550 


600 


603 


Feed conversion 


2-47 


2-25 


2-18 


2-16 



Growth was improved by adding vitamin B 12 to a 
vegetable ration, but better results were obtained by 
fish meal. 

On the other hand, in 3 market samples of white fish 
meal, Summers et al. (44) found that no unidentified 
factor could be demonstrated, while fish solubles gave a 
fairly consistent growth response. These results indicate 
that fish meals are not reliable sources of unidentified 
factor activity. 

Effect on egg production and hatchability 

Cravens, Halpin and McGibbon (1 5) found no significant 
differences in egg production between the basal ration 
fed and the rations containing fish solubles and other 
supplements. Couch et al. (13) using purified rations, 
state: The results of this study indicate that vitamin B 12 
is required for egg production. 

Pensack et al. (36) showed that a vegetable diet is 
deficient in a factor essential for good hatchability. The 
factor was present in sardine fish meal, and it is trans- 
mitted from the hen through the egg to the chick. 

In an experiment with laying birds (2) a vegetable 
diet containing 30 per cent soybean meal was supple- 
mented with condensed fish solubles or APF. For 
comparison, a laying ration containing animal protein 
was used : 

Vegetable ration 





unsupple- condensed 


-f- 


animal 




mented fish solubles 


APF 


protein 


Eggs per hen, 


120 125 


130 


148 


8 months 








Feed per kg. egg 


3-6 3-3 


3-2 


2-8 


Hatchability, per 








cent 


45 74 


65 


78 



Supplementation of the vegetable feed with vitamin B. 12 
caused a slightly greater egg yield and better hatching 
results, but much better results were obtained on using 
a ration containing animal protein. The vegetable feed 
was not supplemented with methionine or riboflavin. 

Arscott and Combs (1) presented evidence for the 
presence of an unidentified dietary essential in condensed 
fish solubles, which is required for normal hatchability 
of fertile eggs by New Hampshire pullets fed a practical 
type of ration containing adequate amounts of known 
nutrient including vitamin B 12 . 



Sullivan, Barnett and Bird (43) found unidentified 
growth factor activity to be present in a wide variety of 
fishery by-products. Storage in air at room temperature 
for 18 months did not alter the growth promoting activity 
of menhaden meal samples. No evidence was obtained 
to indicate that the growth factor in fish meals is harmed 
by excessive drying temperature. It is interesting that 
Camp, Reid and Couch (10) found that this growth 
factor is partly associated with the ash of the feeding- 
stuffs in question. This is shown from the following 
figures : 



Weight Feed 
JO weeks efficiency 



Vegetable basal ration 








938 


2-92 


-f 3 per cent fish solubles 








1168 


2-70 


f- 3 per cent dried whey 








1180 


2-73 


Both 








1245 


2-75 


Ash of 












3 per cent fish solubles 








1104 


2-86 


3 per cent dried whey 








1181 


2-71 


Both 








1200 


2-70 



Although other workers have not reported similar 
findings, this trial indicates that the micro minerals are 
important. 

The growth promoting effect offish solubles is neither 
due to a particularly high biological value nor a content 
of the essential amino acids deficient in the feed. On the 
contrary Laksesvela (21) found that fish solubles con- 
tain protein of low value. In a trial where chickens were 
fed a synthetic diet supplemented with fish meal or fish 
solubles as a source of protein, the following results 
were obtained : 



Percentage of crude protein from 


Herring meal . 


. 100 


70 


25 





Herring solubles . 





30 


75 


100 


Gain in 3 weeks, g. . 


61 


72 


24 


20 


Survivors out of 21 


20 


20 


13 


2 



The solubles alone appeared of negligible value as a 
protein source, but certain mixtures of solubles and meat 
protein proved superior to meal alone. 

When the solubles protein contributed between 15 
and 45 per cent of the total protein, the biological value 
was slightly raised; but a higher proportion of solubles 
very drastically decreased growth and increased mortality. 

On the addition of amino acids to the solubles diet, 
the growth was considerably improved : 



Herring meal 
Herring solubles 
Solubles + 10 amino acids 



Gain (g.) 
after 2 weeks 

34 + 2-9 

7.LO-5 

32:1:2-1 



Feed consumption in the solubles group was very low. 
Supplementation of solubles with 10 amino acids was 
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followed by an increase in food intake of 80-90 per cent. 
When free amino acids were added to the solubles, 
only tryptophan improved growth and viability. 

Fish silage 

Fish silage or fish conservate is used extensively in some 
countries. The product was first used during the war, 
when there was a scarcity of proteins, necessitating the 
use of fish and fish waste unfit for human consumption. 
Fish silage is manufactured by conserving fish or fish 
offal in acid at a pH of less than 4. Explicit descriptions 
of the manufacturing procedures are given by Olsson 
(33), Petersen (37), Pecht (35), Olsson and Olafsson 
(34) and Sperling (42). 

H0ie (20) compared fish conservate with herring meal 
in the feed for laying birds, and found that the groups 
fed preserved fish showed just as good egg production 
and body weight as those fed herring meal. 

In feeding chicks with fish meal a slightly better 
growth was obtained than if a corresponding amount of 
dry matter of wet preserved fish was used. Any un- 
favourable influence from feeding wet preserved fish 
could not be found as to the health and general well- 
being of the chicks. 

The dry-matter content of this product is rather low, 
the product containing 70-85 per cent water. This results 
in a high cost of transport, making the product relatively 
expensive in relation to its nutrition value. It is used to 
some extent as a supplement to insufficient diets. 

A hatchability depressing effect 

It will be clear from what has been said above that 
fish meal, and to some extent other feeds of fish origin, 
have a nutritive value, with a specific effect due partly 
to the vitamin B J2 content, and according to some 
workers, partly to the content of unidentified factors. 

However, certain detrimental characteristics of fish 
meal and other fish products have been reported. 
Many workers have thus shown a depressing effect on 
hatchability with some of the types of fish meal used 
experimentally. 

Black et al. (8) observed that the addition of a white 
fish meal to an all-cereal diet depressed hatchability. 

A depression in hatching rates is also observed by 
Coles (12), using samples of white fish meal obtained 
from widely separated sources of origin where it was 
reported that the treatment during manufacture differed. 
The rations contained 10 per cent fish meal. 

Martin et al. (29) have reviewed a series of trials where 
similar results were obtained. His own research showed 
that the addition of 10 per cent white fish meal to a 
simple basal ration resulted in a significant depression 
in hatchability of fertile eggs. 

It may be worth while investigating whether or not this 
depression is connected in any way with the chemicals 
used for the preservation of the raw material. 



Fishy flavour in poultry meat and eggs 

Unfortunately fish meal and other fish products have the 
property of imparting a flavour to poultry meat and to a 
lesser extent to eggs when fed in large quantities. Great 
care must therefore be exercised in the use of these 
products. At the present time much effort is being 
directed at the manufacture of delipidated fish meal, 
since the substances which impart the flavour to the 
meal are primarily found in the fat fraction making fat 
rich fish meal especially undesirable. 

In experiments with chicks Biely et al. (7) found that 
the nutritive value of herring meal was not improved 
when the oil was removed by extraction with hexane. 
This was true of commercial flame-dried herring meal 
and of low-temperature dried meal. 

Since the delipidation of fish meal is thought to be 
technically possible, an increase in the use of fish meal 
seems very likely in the future. 
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METABOLIZABLE ENERGY AND DIGESTIBILITY EVALUATION 

OF FISH MEAL FOR CHICKENS 

by 
L. M. POTTER, W. PUDELK1EWICZ, L. WEBSTER, and L. D. MATTERSON 

The metabolizable energy values and coefficients of digestibility of protein and fat in 6 different samples of fish meal have been 
determined. Forty-four pens, each with 9 two-week old White Plymouth Rock male chicks, were used. Six pens of chicks were fed a semi- 
purified ration for a two-week period. Each of 18 other diets, which were formulated by blending the semi-purified ration with the fish meals 
at 1 5, 30 or 45 per cent on a dry matter basis, was fed to two pens of chicks. 

The dry matter, gross energy, protein and fat contents of the fish meal were determined by chemical analyses. The quantities of excreta 
energy, fecal nitrogen and fecal fat per unit of diet consumed by the chicks were obtained by analysing the diets and excreta samples. Chromic 
oxide was used as an indicator; excreta energy was corrected to nitrogen equilibrium; uric acid nitrogen was assumed to constitute 80 per cent 
of the urinary nitrogen ; and urinary fat was assumed to be negligible. The values for the excreta energy, fecal nitrogen (protein) or fecal fat 
derived from a gram of each fish meal on a dry matter basis were obtained by partitioning the excreta energy, fecal nitrogen or fecal fat per g. 
of diet consumed to that derived from each fish meal and to that derived from the basal ration by multiple regression techniques. The amounts 
of metabolizable energy, digestible protein and digestible fat in the fish meals were found by subtracting these values from the respective 
gross energy, crude protein or fat content of the fish meals on a dry matter basis. 

The gross energy values of the 6 samples offish meal were 5-147, 5-023, 5-021, 4-787, 4-744 and 4-647 calories per g. of dry matter. 
After subtracting the excreta energy, corrected to nitrogen equilibrium, attributable to the fish meals as found from the feeding experiment, 
the metabolizable energy of these fish meals was 3-121, 2-807, 2-904, 2-927, 2-897 and 2-469 calories per g., respectively. 

The fish meals were found to contain 71 -3, 67-4, 70-2, 68*0, 65-5 and 64-6 per cent crude protein on a dry matter basis, and 54-4, 
45-4, 52-7, 49-8, 48-2 and 42-2 per cent digestible protein, respectively. The values for the fat content of the fish meals were 1 1 -7, 13-5, 10-6, 
10-7, 12-0 and 10-2 per cent and for the digestible fat content of the fish meals, 10-1, 10-2, 8-4, 8-6, 10-2 and 7-6 per cent of the dry matter, 
respectively. 

On the average the fish meals contained 90-4 per cent dry matter; 4-426 gross calories per g., 61 -3 per cent protein, 10-4 per cent fat, 
2-581 metabolizable calories per g., 44-1 per cent digestible protein, and 8-3 per cent digestible fat. Thus, the gross energy in the fish meals 
was 58-3 per cent metabolized; and the coefficients of digestibility of the protein and of the fat in the fish meals were 71 -8 and 80-2 per cent 
respectively. 

EVALUATION DE L'ENERGIE METABOLISABLE ET DE LA D1GEST1B1L1TE 
DE LA FARINE DE PO1SSON CHEZ LES POULETS 

On a precise les valeurs d'energie metabolisable ct les coefficients de digestibilite des proteines et des graisses pour 6 echantillons 
different* de farine de poisson. On a utilise 44 groupes de chacun 9 poulcts males White Plymouth Rock ages de deux semaines. Six de ccs 
groupes ont etc nourris avec une ration semi-purifide pendant une p6riode de deux semaines, tundis qu'on donnait aux autres, par deux 
groupes a la fois, 18 regimes composes par le melange dc la ration semi-purifiee avec des farines de poisson aux taux de 15, 30 ou 45 sur 
la base dc la matiere scene. 

La matiere scene, I'dnergie globale, la teneur en proteines ct en graisses des farines de poissons, ont 6t6 determinees par une seric 
d'analyses chimiques. La quantitd d'6nergie excrete, 1'azote fecal et la graisse fecale par unite du r6gime consomm6 par les poulets ont etc 
ttablis par 1'analyse d'&chantillons du regime et de 1 'excretion. 

On a utilise 1'oxydc chromique comme indicateur; 1'energie excrete a et corrigee pour Tequilibre azotd; on a considere que 1 'azote 
urique representait 80% de 1 "azote urinaire, et on a considers comme negligeables les graisses urinaires. Les valeurs pour l'nergie excrete, 
1'azote fdcal (proteines) ou la graisse fecale provcnant d'un g. de chaque farine de poisson sur la base dc la matiere seche ont etc Stabiles en 
rdpartissant I'&nergie excrete, 1 'azote fecal et la graisse fecale par gramme du regime consomrn6, entre cclles derivant de chaque farine de poisson 
et celles derivant de la ration dc base, par des techniques de regression multiple. On a abouti a I'gncrgie m&abolisable, aux proteines digestibles 
et aux graisses digestibles en deialquant les valeurs precdemrnent obtenues, respectivement, de I'energie globale, des proteines brutes et dc la 
teneur en graisse des farines de poisson sur la base de la matiere sec he. 

Les valeurs d'energie globale des 6 dchantillons de farines dc poisson ttaient 5,147, 5,023, 5,021, 4,787, 4,744 ct 4,647 calories par 
gramme de matiere sechc. Apres soustraction de Tenergie excrete, corrigee pour 1'equilibre azote, attribuable aux farines de poisson selon les 
resultats des experiences d'alimentation, 1'energie mctabolisable de ces farines eiaient respectivement de 3,121, 2,807, 2,904, 2,927, 2,897 et 
2,469 calories par gramme. 

On a trouve que les farines de poisson contenaient respectivement 71,3, 67,4, 70,2, 68,0, 65,5 et 64,6% de proteines brutes sur la base 
de la matiere seche, et 54,4, 45,4, 52,7, 49,8, 48,2 et 42,2% de proteines digestibles. Les valeurs pour la teneur en graisses de ccs farines, 
etaient respectivement de 11,7, 13,5, 10,6, 10,7, 12,0 et 10,2% et, pour la tcneur en graisses digestiblcs, de 10,1, 10,2, 8,4, 8,6, 10,2 et 7,6% 
de la matiere seche. 

En moyenne, les farines de poisson contenaient 90,4% de matiere seche, 4,426 calories brutes par gramme, 61,3% de protdines, 
10,4% de graisses, 2,581 calories mdtabolisablcs par gramme, 44,1 % de proteines digestibles et 8,3% de graisses digestibles. En cons6quence, 
dans ces farines, Tencrgie globale 6tait metabolisee a 58,3%; le coefficient dc digestibilit6 des proteines etait de 71,8% et le coefficient de 
digestibilite des graisses de 80,2 %. 

EVALUACION DE LA ENERG1A METABOLIZABLE Y DE LA DIGEST1BILIDAD 
DE LA MARINA DE PESCADO PARA POLLOS 

Se ban determinado los valores dc la energia metabolizable y los coeficientes de digestibilidad de proteinas y grasas de 6 muestras 
distintas de harina de pescado. Se utilizaron 44 grupos, cada uno de 9 polios machos de 2 semanas, de la raza White Plymouth Rock. Scis 
grupos de polios sc alimentaron con una raci6n semipurificada durante un periodo de 2 semanas, en tan to que otros 2 grupos se alimentaron 
a la vez con 18 raciones preparadas mezclando la semipurificada con harinas de pescado a raz6n de 15, 30 6 45% sobre la base de la materia 
seca. 

Los contenidos de materia seca, energia global, protefna y grasa de las harinas de pescado se determinaron por una serie de analisis 
quimicos. La cantidad de energia de la excreta y nitr6geno y grasa fecales por unidad de raci6n consumida por los polios sc obtuvo analizando 
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muestras de las raciones y excreciones. Se emple6 como indicador oxido cr6mico; la energia de la excreta se corrigi6 por el equilibrio del 
nitr6geno; se consider6 que el nitr6geno del acido urico constituia el 80% del nitrdgeno urinario y se supuso que la grasa urinaria era insig- 
nificante. Los valores de la energia de la excreta, nitr6geno (proteina) fecal o grasa fecal derivados de un gramo de cada harina de pescado 
sobre la base de la matcria seca, se obtuvieron repartiendo la energia de la excreta, nitrogeno fecal y grasa fecal por gramo de alimento 
consumido entre los derivados de cada harina de pescado y dc la ration basica por tecnicas de regresibn multiple. Rcstando estos valores dc 
las rcspectivas energia global, proteina bruta o contenido de grasa de las harinas de pescado sobre la base de la materia seca, sc averiguaron 
la energia metabolizable, la proteina digestible y la grasa digestible de la harina de pescado. 

Los valores de energia global de las 6 muestras de harina de pescado eran 5,147; 5,023; 5,021 ; 4,787; 4,744 y 4,647 calorias por 
gramo de materia seca. Despuds de substraer la energia de la excreta, corregida por el equilibrio de nitrogeno, atribuible a las harinas de 
pescado, segun se determine en los experimentos de alimentacion, la energia metabolizable dc estas harinas fuc 3,121 ; 2,807; 2,904; 2,927; 
2,897 y 2,469 calorias por gramo. 

Se comprob6 que las harinas de pescado contenian 71,3; 67,4; 70,2; 68,0; 65,5 y 64,6% de proteinas brutas sobre la base de la 
materia seca, y 54,4; 45,4; 52,7; 49,8; 48,2 y 42,2% de proteinas digestibles. Los indices para el contenido de grasa de las harinas de pescado 
fueron 11,7; 13,5; 10,6; 10,7; 12,0 y 10,2% y para el contenido de grasa digestible de las harinas de pescado, 10,1; 10,2; 8,4; 8,6; 10,2 y 
7,6% de la materia seca. 

Por termino medio, las harinas de pescado contenian 90,4% de materia seca, 4,426 calorias globales ppr gramo, 61,3% de proteina, 
10,4% de grasa, 2,581 calorias metabolizables por gramo, 44,1 % de proteinas digestibles y 8,3% de grasa digestible. Por tanto, en estas 
harinas de pescado la energia bruta se metabolizaba a 58,3%, el coeficiente de digestibilidad de las proteinas era de 71,8% y el coeficiente dc 
digestibilidad de las grasas, de 80,2%. 




On the left are two chicks suffering from deficiency in diet while on the right are two 
normal chicks. Normal chicks were fed a diet in which fish meal was included. 
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QUALITY OF FISH MEAL IN RELATION TO ITS VALUE AS A 
SUPPLEMENT TO CORN-SOYBEAN MEAL CHICK DIETS 

by 
H. M. SCOTT, W. F. DEAN, A. AGUILERA, and R. E. SMITH 

Samples offish meal, domestic and foreign, of known and unknown history, were assayed as the sole sources of protein (10 per cent 
crude protein) using the technique described by Hinners and Scott (Poultry Sci., 36, 176-183) with the view of identifying two meals that 
differed markedly in nutritional quality. The two meals selected for subsequent trials designed to examine supplementary relationships resulted 
in chick gains of 126 g. (sample "A") and 52 g. (sample "B") for the assay period (14-27 days inclusive). 

A corn-soybean meal diet was used as a standard in each of 3 successive trials, where 30, 60 and 100 per cent of the soybean protein 
was replaced by protein of the superior meal in one series and the inferior meal in a second series with the corn protein remaining constant. 
In each series the level of protein ranged from 12 to 24 per cent of the diet. 

In Trial 1 (30 per cent soya protein replaced by fish meal protein) "A" fish meal was definitely superior to the standard (corn-soya) 
and to the corn-soya-"B" fish meal diets at all levels of dietary protein in promoting chick growth, while the latter was but slightly better 
than the standard (corn-soya). 

In Trial 2 (60 per cent replacement of soya protein) diets containing sample "A" fish meal, irrespective of protein level, again proved 
superior to both the standard and the corn-soya-"B" fish meal diets in promoting chick growth. Weight gains on the standard and the corn- 
soya-"fi" fish meal diets were essentially the same at each level of protein. 

In the third trial, where 100 per cent of the soya protein was replaced by fish meal protein, the results were essentially the same as 
in the second trial. 

These results demonstrate that supplementing a corn-soya ration with a sample of fish meal known to support excellent chick growth 
when fed as the sole source of protein, improved the nutritional quality of the diets irrespective of cither the amount of soybean meal protein 
replaced by fish meal protein or the level of dietary protein fed. In contrast, under the same conditions, a sample of fish meal shown to be 
inferior as a sole source of protein neither detracted from nor improved the nutritional quality of a corn-soya ration. It would appear that 
the amino acid pattern of corn alone or a combination of corn and soybean meal protein masked the amino acid deficiencies of a sample of 
fish meal which by itself was incapable of supporting satisfactory chick growth. 

QUAL1TE DE LA FARINE DE POISSON A L'EGARD DE SA VALEUR DE 

SUPPLEMENTATION POUR LES REGIMES DE MAIS ET SOJA 

DONNES AUX POULETS 

Des echantillons de farines de poisson, d'originc locale ou etrangere, et d'antecedents connus ou i neon n us, ont etc experiments 
comme sources uniques de proteines (10% de proteines brutes) en utilisant la m&thpde decrite par Hinners et Scott (Poultry Set., 36, 176-183) 
avec le propos d'identifier deux farines qui diffgraient nettement en qualite nutritive. Ces deux farines, choisies pour des essais ulterieurs 
destines a preciser des relations complementaires, avaient amend des gains de poids chez les poulets dc 126 g. (echantillon A) et 52 g. (echan- 
tillon B) dans la periode de 1'essai (de 14 a 27 jours). 

Un regime de mats et soja a 6t employ^ comme base de reference dans chacune de trois experiences succesives ou 30, 60 et 100 ( , 
de proteines de soja ont 6te remplaces par les proteines de la farine de qualit superieure dans une premiere serie d'essais, et de qualite 
inferieure dans Tautre, alors que les protdines de mais restaient constantes. Dans chaque serie, le taux dc protdines variait de 12 a 24 du 
regime. 

Dans I'experience 1, ou 30% de proteines de soja etaient remplac6es par des proteines de farine de poisson, la farine de poisson A 
s'est montree, a tous les taux proteiques essayds et pour promouvoir la croissance des poulets, d'une qualite nettement superieure a celle du 
regime de reference mals-soja et des regimes associant mais, soja et farine de poisson B; ccs derniers apparaissaient cependant legerement 
meilleurs que le regime dc reference mals-soja. 

Dans I'expeiience 2, avec 60% de prot&nes de soja remplaces, les regimes contenant 1'echantillon A de farine de poisson, quel que 
fut le taux proteique, se sont montres egalement superieurs a la fois au regime de reference et aux regimes associant le mais, le soja et la 
farine de poisson B, pour promouvoir la croissance des poulets. Les gains de poids avec le r&gime de reference et les regimes associant le 
mais, le soja et la farine de poisson B, ttaient foncierement identiques & tous les taux proteiques essayes. 

Dans la troisieme experience ou les proteines de farine de poisson remplacaient a 100% celles de soja, les resultats etaient fonciere- 
ment identiques a ceux de la deuxieme experience. 

Ces r&sultats demon trent que la supplementation d'une ration au mais et au soja avec un Echantillon de farine de poisson, reconnue 
pour amener une excellente croissance des poulets, lorsqu'elle est utilisee comme source unique de prot&nc, amdiore la qualitd nutritive des 
regimes, quelle que soit la quantitl de proteines de farine dc soja remplacee par des proteines de farine de poisson ou quel que soil le taux des 
protdines fournies dans le regime d' alimentation. En revanche, sous les merries conditions d'essai, un echantillon de farine de poisson reconnu 
de valeur inf<6rieure comme source unique de prot ine n'altere pas plus qu'il ne I'ameliore la qualitt nutritive d'une ration au mais et au soja. 
On peut penser que la distribution des amino-acides dans le mais, seul ou dans une combinaison de protdines de farines de mais et de soja, 
masque les deficiences en amino-acides d'un echantillon de farine de poisson qui, utilise seul, se montrait incapable de soutenir une croissance 
satisfaisantc chez les poulets. 

LA CALIDAD DE LA HARINA DE PESCADO CON RELACION A SU VALOR 

COMO COMPLEMENTO DE LA HARINA DE MAIZ Y SOJA EN LA 

ALIMENTACION DE POLLOS 

Muestras de harina de pescado nacional y extranjera, de antecedentes conocidos y desconocidos, se evaluaron como fuentes unicas 
de proteina (10% de proteina bruta) empleando la tecnica descrita por Hinners y Scott (Poultry Sci. t 36, 176-183), con objeto de identificar 
dos harinas de calidad nutritiva marcadamente diferente. Las dos harinas seleccionadas para ensayos posteriores proyectados para examinar 
relaciones complementarias, produjeron en los polios aumentos de peso de 126 gramos (muestra "A") y 52 gramos (muestra "B") durante el 
periodo del ensayo (14 a 27 dfas inclusive). 
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Una raci6n de harina de maiz y soja se empleo como patr6n en cada uno de 3 cnsatos sucesivos en los que 30, 60 y 100% de la 
proteina de soja fue reemplazada por la proteina de la harina superior en una serie y de la inferior en otra, con la proteina de maiz perma- 
neciendo constante. En cada serie la concentracidn de proteina representaba del 12 al 24% de la raci6n. 

En el ensayo 1 (en el que un 30% de proteina de soja fue reemplazado por proteina de harina de pescado), la harina de pescado 
"A" fue definitivamente superior a la patron (maiz-soja), y a la de harina de pescado "B" mas harina de maiz y soja, en todas las concentra- 
ciones de proteina, en la promoci6n del crecimiento de los polios, en tanto que la ultima fue tan solo ligeramente superior al patr6n (maiz- 
soja). 

En el ensayo 2 (substitucidn de un 60% de la proteina de soja) las raciones que contenian la muestra "A" de harina de pescado, 
independientemente de la concentraci6n de proteina, tambi6n resultaron ser superiores al patrbn y a la ration harina de pescado "B" mas 
harina de maiz y soja, en la prompci6n del crecimiento de polios. El aumcnto de peso en las raciones patr6n y harina de pescado "B" mas 
maiz y soja fueron esencialmente iguales en todas las concentraciones de proteina. 

En el ensayo 3, en el que el 100% de la proteina de soja fue reemplazado por proteina de harina de pescado, los resultados fueron 
esencialmente iguales que en el ensayo 2. 

Estos resultados demuestran que si una raci6n de maiz y soja se complementa con una muestra de harina de pescado de rcconocido 
valor en la promoci6n del crecimiento de polios y cuando se emplea como fucnte unica de protefnas, la calidad nutritiva de las raciones mejora 
independientemente de la cantidad de proteina de harina de soja reemplazada por proteina de harina dc pescado o la concentracibn de proteina 
empleada en la alimentaci6n. Como contraste, y en las mismas condiciones, una muestra de harina de pescado de reconocida inferioridad 
como fuente unica de proteina ni mejora ni perjudica la calidad nutritiva de una raci6n de maiz y soja. Parece ser que la modal idad de los 
aminoacidos del maiz solo o de una combination de proteina de harina de maiz y soja en mascara las deficicncias de aminoacidos dc una 
muestra de harina de pescado que por si sola es incapaz de mantener constante un crecimiento satisfactorio de los polios. 




Illustrated arc two chickens at five weeks of age reared on the same well balanced con- 
trolled food under precisely similar conditions. The small bird did not receive any marine 
fish oil (cod liver oil) but the larger bird did. The level of oil fed was 1 pint to each 112 Ib. 
of food. (Photo British Cod Liver Oils (Hull and Grimsbv) Ltd. 
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CONDENSED FISH SOLUBLES IN BROILER NUTRITION 

by 
J. R. COUCH, A. A. CAMP, and C. R. CREGER 

Poultry nutritionists have used three designations to describe the unidentified growth-promoting activity of crude feed ingredients. 
Fish meal, fish solubles, and meat products have been used to supply the "fish factor". Condensed fish solubles have been found to be a more 
potent and consistent source of the fish factor than fish meal. The "whey factor" has been reported in dried whey, milk products, corn 
distillers dried solubles, molasses distillers dried solubles, and dried brewers yeast. The "grass juice" or alfalfa factor is found in the juice of 
green plants and in dehydrated products produced from such plants. High grade dehydrated alfalfa meal is the practical source of this factor 
available to the nutritionist. It is realized that such characterizations arc quite arbitrary, and that the factors may be one and the same sub- 
stance when finally isolated and identified. 

A seasonal response has been observed to unidentified growth-factors in a number of instances. The present report is concerned 
with a fairly extensive study which was designed to determine if there were seasonal responses to the whey factor and the fish factor. The 
study was conducted over a period of one year, during which time six separate experiments were carried out involving 4,800 broiler type male 
chicks. The basal diet was of the all-vegetable protein type, and was calculated to contain 23-4 per cent protein. The birds were reared on 
built-up peanut hull litter, were vaccinated for Newcastle and bronchitis, and debeaked at 7 days of age. At the beginning of the sixth week 
the cockerels were changed to a finisher-type diet, and the protein level was lowered to 20-9 per cent. 

Season had a definite effect on the response to unidentified growth-factor activity in the studies which were carried out under the 
conditions outlined above. If the experiments were started in February and April, the response to condensed fish solubles varied from 25-4 
to 26-8 per cent. If the tests were started in June, August, October and January, the percent responses to condensed fish solubles were 8-05, 
5-67, 9-98 and 2-22, respectively. The response to dried whey tended to follow the same pattern with the percent growth response for February 
and April being 21 -1 and 19-7. Correspondingly, the responses to dried whey in June, August, October and January were 8-6, 6-0, 4-7 and 1 -2. 
Data from this report do not indicate an additive response when condensed fish solubles and dried whey are added to the basal diet concur- 
rently. Thus it is possible that the samples of dried whey and condensed fish solubles used in this study may have contained the same factor. 
The response to condensed fish solubles was somewhat greater in the experiments which were initiated in February, April and October. From 
the data of this series of experiments it can be concluded that there is a seasonal effect in the response to unidentified growth-factor found in 
condensed fish solubles. Condensed fish solubles and dried whey have a definite growth-promoting effect when added to a broiler diet of the 
all-vegetable protein type. The response to both supplements added to the diet concurrently was not additive. Thus it would appear, it is not 
necessary to include more than one of such supplements in a practical broiler diet. 

LES SOLUB1LISES CONDENSES DE PO1SSON DANS L' ALIMENTATION DES POULETS A ROT1R 

Lcs nutritionistes specialises dans la volaille ont utilise trois tcrmes pour exprimer les agents non identifies qui, dans des ingredients 
alimentaires bruts, ddveloppent la croissancc. On a utilise de la farine brute de poisson, des solubilises de poisson ct des produits carnes 
pour assurer le "facteur-poisson" (fish factor). Les solubilises condenses de poisson se sont r6veles comme des sources plus efticaces et plus 
consista ntes en "facteur-poisson" que la farine brute de poisson. Le "facteur-petit-lait" a etc signalc dans le petit-Jail sec, les produits du lait, 
les solubilises sees de la distillation du mats, les solubilises sees de la distillation des meTasses et la levure seche de brasserie. Le "jus 
d'herbe" ou "facteur-luzerne" apparalt dans le jus de plantes vertes ct dans les produits d6shydrat6s de ces plantes. Pour le nutrition isle, la 
source pratique disponible de ce dernier facleur est la farine de luzerne dshydrate de haute qualite. II est Evident que de tellcs caracterisa- 
tions sont tout a fait arbitrages, et que ces different* facteurs pourraicnt se rcduire une seule et mme substance quand on aura isole et 
identifie les elements actifs. 

On a observe dans un certain nombre de cas une response saisonniere aux facteurs dc croissance non identifies. Le present article 
concerne une etude asse/ etendue qui a cherche a determiner s'il y avait des r^ponses saisonnieres au "facteur-petit-lait" et au "facteur-poisson". 
Les rechcrches ont etc conduites pendant une annee en six experiences separees mettant en jeu 4.800 poulets rdtir males. Le regime de 
base etait du type & proteines entierement v6g6tales, et il etait calculi pour contenir 23,4% de proteincs. Les yolatiles etaienl elevcs sur litiere 
en coques d'arachides; ils avaient et6 vaccines pour le Newcastle et la bronchite, et seyrds de becquee a 7 jours. Au commencement de la 
sixieme semaine, les coquelets passaient a un regime de finition et le taux prot&que etait abaisse a 20,9%. 

La saison prtsentait un effet net sur la reponse aux agents de croissance non identifies dans les etudes conduites sous les conditions 
que Ton vient de decrirc. Pour les experiences commencees en f6vrier et en avril, la reponse aux solubilises condenses de poisson variait de 
25,4 a 26,8 %. Pour les experiences commencees en juin, aout, octobre et Janvier, les reponses en pourcentage aux solubilises condenses de 
poisson etaient respectivement de 8,05, 5,67, 9,98 et 2,22. La reponse au petit-lait sec tendait a presenter la meme forme avec une reponse 
de croissance en pourcentage de 21,1 en fevrier et 19,7 en avril, ct, corr61ativement, de 8,6, 6,0, 4,7 et 1,2 pour juin, aout, octobre et Janvier. 
Les donnees de cet article n'indiquent pas de reponse supp16mentaire pour une addition simultange de solubilises condenses de poisson et de 
petit-lait sec au regime de base. Ainsi, il est possible que les echantillons de petit-lait sec et de solubilises condenses de poisson utilises dans 
cette etude aient contenu le meme principe actif. La reponse aux solubilises condenses dc poisson etait un peu plus grande pour les experiences 
commencees en fevrier, avril et octobre. D'apres les donnees de ces series d 'experiences, on peut conclure qu'il y a un effet saisonnier dans 
la reponse au facteur de croissance non identifie qui existe dans les solubilises condenses de poisson. I-es solubilises condenses de poisson et 
le petit-lait sec ont un effet net sur 1'ameiioration de la croissance, quand on les ajoute au regime du type a proteines entierement vegetales 
dans reievage des poulets a rdtir. La reponse aux deux supplementations concurremment ajoutces au regime n'a pas un caractere additif. 
Ainsi, il apparait qu'il est inutile d'inclure dans un regime pratique pour poulets a rdtir plus d'une de ces supplementations. 

LOS SOLUBLES CONDENSADOS DE PESCADO EN LA ALIMENT ACION DE POLLOS ASADEROS 

Los nutricionistas especializados en la alimentaci6n de aves emplean tres terminos para designar los agentes no idcntificudos que 
promueven la actividad de los ingredicntes alimentarios brutos. Se ha empleado harina de pescado, solubles de pescado y productos de la 
carne para suministrar el "factor pescado*'. Los solubles condensados de pescado se han revelado como una fuente mas potente y consistente 
del factor pescado que la harina de pescado. El factor "suero licteo" se ha encontrado en el sucro seco, productos lacteos, solubles secos 
de la destilaci6n del maiz y la melaza y levadura de cervecerp seca. El factor "jugo de hierba" o alfalfa se encuentra en el jugo de las plantas 
verdes y en los productos deshidratados preparados a partir de tales plantas. La harina de alfalfa deshidratada de alta calidad es la fuente 
practica de este factor de que dispone el nutricionista. Es evidente que tales denominaciones son completamente arbitrarias, y que los factores 
puedcn ser una y la misma substancia cuando finalmente se aislen e identifiquen. 
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Condensed Fish Solubles for Broilers 

Se ha observado en algunos casos una respuesta estacional a los factores de crecimiento no identificados. El presente articulo con- 
cierne a un estudio bastantc extensive proyectado para deter minar si existen reacciones estacionales cl factor suero de leche y al factor pescado. 
El estudio dur6 un afio, durante el cual se hicieron 6 experimented separados con 4.800 polios asaderos machos. El regimen basico era del 
tipo de protefnas enteramente vegetales y calculado para que contuviera 23,4% de proteinas. Los polios se habian criado con comprimidos 
de cdscaras de mani; se vacunaron contra le enfermedad de Newcastle y bronquitas y se les quitaron los picas a los 7 dias de cdad. Al 
comienzo de la sexta semana, los gallitos pasaron a un regimen acabador y la concentration de proteina se redujo a 20,9%. 

La estacidn ejerce un gran efecto en la reacci6n a la actiyidad del factor de crecimiento no identificado en los estudios reali/ados en 
las condiciones descritas anteriormente. Si los experimentos se iniciaban en febrero y abril, la reaccion a los solubles de pescado condensados 
variaba de 25,4 a 26,8%; si comenzaban en junio, agosto, pctubrc y enero, las reacciones en porcentaje a los solubles condensados de pescado 
era, respectivamente, de 8,05 ; 5,67 ; 9,98 y 2,22. La reaccion al suero seco tendia a presentar la misma forma con una reaccion de crecimiento 
de 21,1 y 19,7% en febrero y abril, en tanto quc las reacciones correspond ientcs a suero seco en junio, agosta, octubrc y enero eran de 8,6; 6,0; 
4,7 y 1,2. Los datos de este informe no indican que hubiera una reaccion suplementaria cuando solubles de pescado condensados y suero de 
leche seco se adicionaban simultaneamentc a la dicta basica. Es, pues, posible que las muestras de suero y solubles de pescado condensados 
empleados en este estudio hayan contenido el mismo factor. Las reacciones a los solubles de pescado condensados eran algo mayores en los 
experimentos iniciados en febrero, abril y octubre. De los datos de esta serie se deduce que existe un efecto estacional en la reaccion al factor 
de crecimiento no identificado que se encuentra en los solubles de pescado condensados. Tanto estos como el suero seco mejoran sensiblcmentc 
cl crecimiento cuando se adicionan a una racion del tipo de proteinas enteramente vegetales en la cria de los polios asaderos. La reacci6n a 
los suplementos afiadidos simultaneamente a la raci6n no era dc caracter aditivo, por lo que parccc quc no es neccsario incluir mas de uno 
dc tales complementos en una raci6n practica para polios asaderos. 




These two turkeys are each five weeks of age. They were hatched, reared and fed identically 

but the large bird received marine fish oil (cod liver oil) whereas the other did not. 

(Photo British Cod Liver Oils (Hull ami Grimsby) Ltd. 
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PROTEIN REQUIREMENTS OF BROILERS AS INFLUENCED BY 

FISH PRODUCTS 

by 
T. D. RUNNELS and D. G. SNYDER 

A broiler feeding experiment has been made using 18, 21 and 24 per cent protein diets. Corn-soy-fat diets supplemented with minerals 
and vitamins served as the negative controls. The calcium salt of mcthionine hydroxy analogue, at the rate of 2 Ib. per ton, served as the 
second treatment. Fish meal at a 5 per cent level, and condensed fish solubles at a 2-5 per cent level, served as the third treatment. A combina- 
tion of Treatments 2 and 3 were used to make up Treatment 4; whilst Treatment 5 was the same as 4 plus the addition of 5 per cent distillers 
dried solubles and 5 per cent dried cheese whey. All diets were equated for energy, and all treatments were superimposed upon the three 
protein levels. 

Three replicated pens of 10 chicks, consisting of 5 males and 5 females, were fed each diet. The chicks were weighed, and their feed 
utilization determined, at 4, 7 and 10 weeks of age. (Tables 1-V). 

A study of the data revealed that body weight of the chicks fed on the corn-soy-fat control diet increased at all weigh periods with 
each increase in protein level. However, in those diets supplemented with 5 per cent fish meal and 2-5 per cent fish solubles (Treatment 3) 
the optimum weights (for this experiment) were reached at 21 per cent protein for all weigh periods. 

These results are interpreted to mean that the supplementation of the com-soy-fat diet, with 5 per cent fish meal and 2-5 percent 
fish solubles to replace a like amount of soybean protein, resulted in an improved amino acid balance which satisfied the chicks' requirement 
for protein at a lower level than for those receiving the unsupplemented control diets. 

This example is considered of major importance in the efficient utilization of protein in commercial feed formulation. 

BESOINS EN PROTEINES DES POULETS, SOUS I/INFLUENCE DES PRODUITS DU POISSON 

On a conduit unc experience d 'alimentation de poulets a rotir avec des regimes a 18, 21 et 24% de prot&nes. Des regimes com- 
portant des huiles de mais et de soja additionnees de mineraux et de vitamines servaient de controles negatifs. 

Le sel de calcium d'un deriv hydroxy de la m6thionine au taux de 2 Ib. (908 g.) par tonne servait de deuxi6me traitcment. DC la 
farine de poisson a un taux de 5%, et des solubilises de poisson a un taux de 2,5%, servaient de troisieme traitement. Une combinaison 
des traitements 2 ct 3 donnait le traitement n" 4, et le traitement n" 5 reprenait le n" 4 avec une addition de 5 % de solubilisk* sees de distillation 
et 5% de petit-lait sec. Tous les regimes etaient energdtiquement identiques et tous les traitements se surimposaient aux trois nivcaux prot6iques 
experimented. 

Trois lots similaires de 10 poulets, comprenant 5 males et 5 femellcs, ont 6t6 alimented avec chacun de ess regimes. Les poulets ont 
et6 peses, ct leur utilisation de la nourriturc determinee, a l'age de 4, 7 et 10 semaines. (Tableaux 1-V). 

Une etude des donnees a montr6 que le poids du corps des poulets nourris au regime de contrdle comportant des huiles de mais ct 
de soja s'augmentait a toutes les periodes de pesics pour chaque hausse du niveau protdique. Cependant, dans les regimes supplementes 
avec 5 % de farine de poisson et 2,5 % dc solubilises de poisson (traitement 3), les poids optimum pour cette experience ont etc atteints au 
niveau proteique de 21 % pour toutes les pgriodes de pesees. 

On interprete ces result a ts en leur donnant la signification suivante: la supplementation du regime comportant des huiles de mais 
et de soja par 5 % de farine dc poisson ct 2,5 % de splubiliss de poissons, pour remplacer un montant identique de proteines dc soja, se traduit 
par une amelioration du bilan des amino-acides qui satisfait le besoin en proteines des poulets a un niveau plus bas que dans le cas des regimes 
de con t role non supplemented. 

Get exemple revdt une importance majeure pour 1'utilisation efficace des proteines dans les formules alimcntaires com me re i ales. 

NECESIDADES DE PROTEINAS DE POLLOS PARA ASAR Y EFECTO QUE TTENEN EN ELLAS 

LOS PRODUCTOS PESQUEROS 

Se ha rcalizado un experimento de alimentaci6n de polios asaderos empleando raciones con 18, 21 y 24% dc proteina. Se emplearon 
como testigos negatives raciones de maiz, soja y grasas con suplementos de minerales y vitaminas. Como segundo tratamiento se,cmple6 la 
sal de calcio del analogo hidroximetionina a raz6n de 2 Ib. (908 g.) por tonelada. El tercer tratamiento consisti6 en harina de pescado a la concen- 
traci6n de 5% y solubles de pescado condensados a la de 2,5%. Una combinaci6n de los tratamientos 2 y 3 se empleo como tratamiento 4, 
en tanto que el tratamiento 5 era igual que el 4 adicionando un 5 % de solubles secos de destileria y un 5 % de suero de queso seco. Todas 
las raciones se equipararon en cuanto a energia, y todos los tratamientos se sobrepusieron a las ties concentraciones de proteinas. Con cada 
raci6n se aliment6 a 3 grupos de 10 polios formados por 5 machos y 5 hembras. Los polios se pesaron y el aprovechamiento de la alimenta- 
ci6n se determine a la edad de 4, 7 y 10 semanas. (Tablas I-V). 

El estudio de los datos reve!6 que el peso del cuerpo de los polios alimentados con la raci6n testigo de maiz, soja y grasa aumento 
en todos los periodos de pesada, con cada incremento en la concentraci6n de proteina. Sin embargo, en las racioncs con complemento de 
5% de harina de pescado y un 2,5% de solubles de pescado (tratamiento 3), los pesos dptimos para este experimento se obtuvieron con un 
21 % de proteina para todos los periodos de pesada. 

Estos resultados se interpretan en el sentido de que la racidn de maiz, soja y grasa, con un complemento de 5 % de harina de pescado 
y 2,5% de solubles de pescado en substituci6n de una cantidad an^loga de proteina de soja, dio por resultado un equilibrio mejor de los 
aminoacidos que satisfizo las necesidades de los polios de proteina a concentraciones mas bajas que para los que recibian las raciones testigos 
sin suplemento. 

Este ejemplo se considera como de la mayor importancia en el aprovechamiento eficaz de la proteina en la preparaci6n dc alimentos 
industriales. 
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Protein Needs of Broilers 



TABLE I. (Experiment 1) 
(Basal Mash) 



Ground yellow corn 
Dehulled soybean oil meal 
Trace minerals 
Sodium chloride . 
Premix* 



Pounds 

. 83-48 

. 15-00 

. 0-16 

. 0-56 

. 0-80 

100-00 



*The Premix supplied the following materials per 100 Ib. of basal 
mash: Vitamin A 240,000 units. Vitamin D 80,000 units. 
Vitamin K (as Hetcrogen) 160 mg., Vitamin E 400 units, 
Riboflavin 0-32 g., Calcium Pantothenate 0-8 g., Niacin - - 
2-4 g., Choline 36 g., Vitamin B ia 0-8 mg., Folic acid 1 -5 
mg., BHT 9 g., Terramycin 0-8 g. (The coccidiostat Ampro- 
lium was also added to the diet of the broilers grown in floor pens.) 
Note: This mash was modified as demostrated in Table II, to equate 
for energy, calcium and phosphorus before being fed. 



Basal mash .... 
Ground yellow corn . 
Dehulled soybean oil meal. 
Stabilized animal and vegetable fat 
Steamed bone meal . 
Menhaden fish meal . 
Condensed fish solubles 



TABLE II. (Experiment 1) 
(Example of Method Used in Equating Diets) 

Control 
16 % Protein 

100-00 
35-42 
14-80 
3-18 
6-60 



J6% Protein 
\ Fish 

100-00 
41 -30 
2-22 
0-50 
5-30 
7-69 
2-99 



160-00 



160-00 



Control 
22% Protein 

100-00 

3-10 

39-80 

10-50 

6-60 



160-00 



22% Protein 
4- Fish 

100-00 
9-05 

27-22 
7-75 
5-30 
7-69 
2-99 

160-00 



All diets were equated for energy at 1031 calories of productive energy per pound and for protein as specified. All diets were fortified to supply 
adequate levels of vitamins and minerals. t 



Per cent 
Protein 

16 
18 
20 
22 



TABLE 111. (Experiment 1) 
(Summary of Data) 

White Rock Cockerel Chicks 8 Weeks of Age 
Average Body Weights 

Corn-soy 4-5% Fish Meal Corn-soy 

Control Diets +25% Fish Solubles Control Diets 

2-59 3-06 2-44 

3-03 3-24 2-16 

3*25 3-32 2-11 

3-30 3-60 2-09 



Feed Utilization 

+ 5% Fish Meal 
+ 2-5% Fish Solubles 

2-24 
2-19 
2-17 
2-01 



Note: These diets were equated to supply 1031 calories of productive energy per pound. The chicks were grown in battery brooders and each 
treatment was replicated twice. 
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Per cent 
Protein 

22 
26 



TABLE IV. (Experiment 2) 
(Summary of Data) 

White Rock Cockerel Chicks 8 Weeks oj Age 
Average Body Weights 

Corn-sov 4- 5,', Fish Meal Corn-soy 

Control Diets +2-5; Fish Solubles Control Diets 

2-58 3-04 2-34 

2-78 3-01 2-32 



Feed Utilization 

+ 5 i Fish Meal 
+ 2-5\ Fish Solubles 

2-29 
2-17 



Note: These diets were equated to supply 1050 calories of productive energy per pound. The chicks were grown in floor pens. 



TABLK V. (Experiment 3) 
(Summary of Data) 



Equal Sexes of Vantress Cross Broiler Chicks 10 weeks of age 



Per cent 
Protein 

18 
21 
24 



Average Body Weights 

Corn-soy -! 5 Fish Meal 

Control Diets ! 2-5 n Fish Solubles 



3-44 
3-63 
3-98 



3-64 
3-98 
3-92 



Corn-soy 
Control Diets 

2-75 
2-67 
2-54 



Feed Utilization 

~\-S n Fish Meal 



-\ 2-5" 



, Fish Solubles 

2-65 
2-54 
2-43 



Note: These diets were equated to supply 1007 calories of productive energy per pound. The chicks were grown in battery brooders and each 
treatment was replicated 3 times. 



DISCUSSION 

On the paper submitted by Dr. Baelum, DR. R. BRAEKXAN 
(Norway) observed: Vitamin B 12 occurs in fish and fish 
products as hydroxycobalamin, while fermentation products 
may contain several analogs. Experiments on liver storage 
have shown that rats and chicks absorb Vitamin B, 2 from 
fish equal to microbiologically determined values. Salmonella 
in fish meal seems a serious problem in some countries; 
however, it should not be forgotten that salmonella has been 
reported present also in vegetable meal products. 
DR. NGO BA THANH (Viet-Nam): In Viet-Nam shrimp 
flour is used in our poultry-feeding work. Enormous quanti- 
ties of very small shrimp, almost plankton size, are found on 
the coast. They are dried easily in the sun, and were at first 
used for fertilizer. This dried product was tested in poultry 
feeding last year, and its nutritive value was shown to be 
comparable to that of fish meal. Fewer salmonella are 
found in shrimp flour than in fish meal. The hens fed on 
shrimp produced less odorous eggs than those fed on fish 
meal. 

DR. H. R. BIRD (U.S.A.): Do you know the protein content? 
DR. NGO BA THANH (Viet-Nam): There were no data on 
composition at hand; probably, the protein content was 
about 5-10 per cent lower than that of fish meal. 
DR. M. A. RAAFAT (U.A.R.): Shrimp meal is produced in 
Egypt, and the protein content is about 40-42 per cent. It is 
not air dried, but is prepared in the usual way. Jt has a high 
mineral content. Similar results were obtained in poultry 
feeding as with fish meal. 

DR. H. L. A. TARR (Canada): Shrimp meal has a less objec- 
tionable flavour; Miss Watts of Florida found no flavour and 
no TBA from shrimp meal. 



DR. J. A. LOVERN (U.K.): In reply to Dr. Tarr's question 
concerning the nature of the fat oxidation process in shrimp 
meal, it is perhaps significant that much of the fat in crusta- 
ceans consists of wax esters rather than triglycerides. 
DR. K. AMANO (Japan): The crude protein content of shrimp 
meal is 32-4 per cent. If the shrimp are boiled in water, 
however, the protein content may be lower. 
DR. K. J. CARPENTER (U.K.): Feed mixers want a high- 
energy value and low fiber, such as are supplied, for example, 
by soybean meal. In the United Kingdom high-fat herring 
meals are more desirable. If technical problems could be 
overcome, and if fat could be returned to fish meal, then a 
product of high caloric value would be available and used. 
DR. L. E. OUSTERHOUT (U.S.A.): Some varieties offish in the 
United States contain types of fat that do not give flavour 
problems. Some meal manufacturers do not press out the 
oil. Consequently, many New England meals may contain 
15-18 per cent oil and produce high energy values. 
DR. A. M. LEROY (France): It is preferable not to have too 
fatty meals. Although they may be rich in energy, fat may 
harm the vitamin content. Furthermore, the oils rich in 
saturated fats are not so desirable. Thus, the preference for 
pork fat to suet. 

DR. R. BRAUDE (U.K.): There is a divergence of views between 
pig growers and broiler growers. High-energy fish meal is not 
wanted for pig feeding, while high-fat meal is preferred for 
broilers. 

On the papers submitted by Dr. Potter and his colleagues, 
DR. G. VARELA (Spain) asked: (1) With what degree of pre- 
cision were the coefficients of digestiblity of proteins in broilers 
determined, and how significant are the uric acid excretion 
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data ? (2) How exact are the data on digestible protein of fish 
meals? 

DR. L. M. POTTER (U.S.A.): Because urine and feces are 
voided together by chickens, it is difficult to differentiate 
between digestible and non-digestible nitrogen. Two methods 
are available for this determination : (1) By means of surgery, 
the urine and feces can be obtained separately; but this 
method is laborious. (2) About 80 per cent of the digested 
nitrogen is in the form of uric acid (Katayama Japan; O'Dell 
United States in Poultry Science). However, 1 believe 
70-75 per cent is a more realistic figure. By determining the 
uric acid in the excreta, the two different forms of nitrogen 
can be estimated. 

On the paper submitted by Dr. Couch, DR. H. FOUGERE 
(Canada) remarked: Seasonal changes in fish solubles have 
been demonstrated. Could the differences in responses shown 
by Dr. Couch's experiments have been due to these? During 
certain seasons, cod and haddock are particularly susceptible 
to "bilginess", an anaerobic form of spoilage. Such spoilage 
can be demonstrated in the laboratory by placing fish in 
ice between boards from a fish hold. The odour materializes 
when spoilage occurs, or in some cases within 2 days. There 
is a seasonal colour change in the protein of cod and haddock ; 
it is white in the spring, but becomes progressively more 
yellow as the season advances. Would this help to explain 
other seasonal changes? What were the sources of the fish 
products used by Prof. Couch ? 

DR. J. R. COUCH (U.S.A.): The solubles came from the 
West Coast; the origin of the fish meal is not known. The 
same sample of fish solubles was used throughout the year. 
The variations in results were due to season, to genetic 



differences in chicks, and to other causes. The chicks were 
purchased on the open market. 

DR. A. M. LEROY (France): The seasonal differences demon- 
strated by Prof. Couch are most impressive. Could appetite 
(as indicated by speed of ingestion of feed) have been related 
to these differences? Appetite has a bearing on energy 
intake. 

DR. J. R. COUCH (U.S.A.): While seasonal differences in 
appetites do exist, we observed no relationship between 
appetite and the seasonal differences. 

DR. H. M. SCOTT (U.S.A.): We can detect differences as 
great as those observed by Couch from week to week in the 
same strain of birds; but when this happens, it is time to 
depopulate, clean up, and start over again. 
DR. G. BORGSTRO'M (U.S.A.): In reference to Dr. Murayama's 
Table I, samples 4 and 5 show more than 20 per cent of the 
dry matter unaccounted for. Can it be assumed that such 
dry matter was chitin or was some other ingredient respon- 
sible? 

DR. H. M. Scon (U.S.A.): I do not wish anyone to leave this 
conference feeling that fish meal is (in general) inferior in 
nutritive value. There are differences between types or brands 
of fish meals. 1 do not know what we were measuring besides 
protein quality and amino acid balance. Perhaps, it was an 
unidentified growth factor. It is my impression that fish meal 
"G" was inferior because of amino acid deficiencies. Addi- 
tional measurements would be required to determine whether 
amino acids were the limiting factors. We cannot assume a 
lysine deficiency. Dr. Ousterhout's work shows that arginine 
is most subject to destruction during processing. In this case, 
chicks are the most useful experimental animals; rats do not 
clearly indicate arginine deficiency, but chicks do. 




The production of broilers on the grand scale shown here is possible only by the provision of adequate protein 
(to which end fish meal is important), and the provision of the best of conditions. Farmer and Stockbreeder 

photograph. 
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Section 2d: FUR-BEARING ANIMAL NUTRITION 

FISH AND FISHERY PRODUCTS IN RATIONS FOR 
FUR-BEARING ANIMALS 

by 
PHILIP J. SCHAIBLE 

Substantial amounts of fish and fishery products have been used for many years in mink foods. In general, performance of mink has 
been pood when these products have been fed with due caution as to their quality and composition. However, mink-industry journals have 
occasionally published articles giving detailed accounts of adverse effects from feeding certain species of fish, particularly at high levels. On 
the other hand, there are many reports from ranchers who have fed fishery products tor years with great success. Variability in composition 
(and consequently in nutritive value) due to species of fish, seasonally of the catch, and proper handling, distribution and cold storage, has 
apparently been responsible for the differences in feeding results obtained. 

Certain species offish are superior to others in their effect on growth, fur-development and reproduction. The possibility of utilizing 
fishery products which are procurable in large amounts, but which are not being used at present to the maximum extent, is explored. Further 
research is needed to establish the bases upon which greater use of these fish can be achieved. 

LE POISSON ET LES PRODUITS DE LA PECHE DANS LES RATIONS 
POUR LES ANIMAUX A FOURRURE 

Depuis plusieurs annees, on a utilise des quantites appreciable* de poisson et de produits dc la peche dans 1'alimentation des visons. 
En general, les rdsultats obtenus ont et satisfaisants quand on a tenu serieusement compte de la qualite et de la composition de ces produits. 
Cependant les revues de 1'industrie du vison ont parfois publi des articles contenant des comptes rendus detaill&s sur les effets contraires 
obtenus quand les visons avaient ete nourris avec certaines especes de poissons et, en particulier, d'une facon intensive. D'autre part, il existe 
de nombreux rapports d'eleveurs de visons qui leur ont donne des produits de la pgche pendant des annees et avcc grand succes. Les varia- 
tions de composition (et par consdquent de la valeur nutritive) selon les especes de poisson, les differentes saisons de peche et les conditions 
particulieres de manipulation, de distribution et d'entreposage sous froid sont probablement responsables des r&mltats divergents de cette 
alimentation. 

Certaines especes de poissons sont superieures a d'autres quant a leur eflet sur la croissance, sur le dcveloppement de la fourrure ct 
sur la reproduction. On etudie ici la possibility d'utiliser des produits de la peche disponibles en grandes quantites mais qui, actuellement, ne 
sont pas utilises au maximum. Des recherches ulterieures sont necessaires pour etablir les bases d'une utilisation plus importantc de ces 
poissons. 

EL PESCADO Y LOS PRODUCTOS PESQUEROS EN LA ALIMENTACION 
DE ANIMALES DE PELETERIA 

Importantes cantidades de pcscadp y productos pesqueros se emplean desde hace muchos aftos en la alimentaci6n de los visones. 
En general, los visones ban reaccionado satisfactoriamente cuando se les han suministrado estos productos, tomando precaucioncs en cuanto 
a su calidad y composition. Sin embargo, las publicaciones de la industria peletera han contenido algunos articulos exponiendo detallada- 
mente los efectos perjudiciales que ha tenido el suministro dc ciertas especies de pescado, particularmente en cantidades importantes. Por 
otro lado, hay muchas noticias de criadqres que emplean productos pesqueros desde hace aflos con plena satisfaction. La variaci6n en la 
composici6n, y por tanto en el valor nutritive, debido a la especie del pescado, momento de la captura, y manipulaci6n, distribution y alma- 
cenamiento en frigorificos adecuados, parecen haber sido los causantes de las diferencias de los resultados de la alimentaci6n obtenidos. 

Hay especies de pescado que tienen mejor efecto que otras en el desarrollo, crecimiento del pelo y reproduccidn. Se estudia la 
posibilidad de emplear productos pesqueros faciles de obtener en grandes catidades, pero que actualmente no se aprovechan hasta el maximo. 
Se necesitan investigaciones ulteriores para determinar la manera de utilizar con mas amplitud este pescado. 



FUR farming of fish-eating animals is confined at 
present to mink. The marten, fisher, weasel, otter, 
wolverine, ferret and badger are difficult to raise 
in captivity, though they are available in abundance in 
the wild. Fox farming was important a few decades ago, 
but it has been largely superseded by mink ranching. 
Chinchillas and rabbits are grown for fur under domestic 
conditions, but they are not primarily fish-eaters. 

Large litters, rapid growth of young, satisfactory 
food conversion and efficient breeding performance are 
the bases for profitable fur production. For all of these, 
optimum nutrition is a prerequisite. Important advances 
have been made in fur animal nutrition in recent years; 
but there is still a paucity of basic nutritional information. 
Estimates of nutrient requirements, effects of nutritional 
deficiencies and composition of foods for fox and mink, 



.are discussed in a National Research Council report 
(34). 

Geography largely determines the species and levels 
of fish used for feeding mink. The Scandinavian 
countries, Japan, Canada and the United States all 
have long coast lines, and as a result mink rations 
contain a high proportion of marine fish and fishery 
products. In these areas, it is quite common to feed 
50 per cent of fishery products; sometimes as high as 
70 per cent. Inland, fresh-water fish are used for 25 per 
cent of the ration not as high as along the coast, 
because there is competition here from by-products of 
the meat-packing industry. The world over, fish and 
fishery products make up a very substantial part of 
commercial mink food. Even in the wild, mink con- 
sume much fish about a third of their natural diet. 
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Kinds of fish fed 

North American mink ranchers use many varieties of 
fish (33). From the Atlantic Ocean come whiting 
(Merluccius bilinearis), cod (Gadus morrhua), haddock 
(Melanogrammus aeglefinus) and rosefish (Sebastes 
marinus). The Pacific Ocean supplies turbot (Atheresthes 
stomias), red and black rockfish (Sebastodes ruberrimus 
and melanops), petrale sole (Eopsetta jordani), English 
sole (Parophrys vetula), Dover sole (Microstomus 
pacificus), rex sole (Glyptocephalus zachirus), sand sole 
(Psettichthys melanostictus), sand dab (Citharichthys 
sordidus), rosefish (Sebastodes alutus), and Pacific hake 
(Merluccius productus). Inland lakes and streams in 
Canada and the United States contribute fresh-water 
smelt (Osmerus mordax), Lake Superior herring (Leuci- 
chthys artedi), sheepshead (Aplodinotus grunniens), 
carp (Cyprinus carpio), Lake Michigan chub (Leuci- 
chthys artedi), whitefish (Coregonus clupeaformis), pike 
(Stizostedion vitreum glaucum and Esox lucius), yellow 
perch (Perca flavescens), burbot (Lota lota maculosd), 
ciscoes (Leucichthys spp.), black bullhead (Ameiurus 
melas), sucker (Catostomus commersonnii) and alewifc 
(Pomolobus pseudoharengus). 

From the waters surrounding the Scandinavian 
countries, the fish most used in mink feeding are cod 
(Gadus callarias), haddock (Gadus aeglefinus), whiting 
(Gadus merlangus), coalfish (Gadus virens\ herring 
(Clupea harengus), mackerel (Scomber scrombrus), stone 
biter (Anarrhichas lupus), lumpfish (Cyclopterus lumpus) 
and flounder (Pleuronectes platessa). The fish used 
mainly in Japan for mink feed is the flatfish (Pleuro- 
nectidae). 

Fish and fishery products are, in general, held in high 
esteem by mink ranchers. Nevertheless, a review of the 
literature shows that, whilst they are frequently praised 
for mink food, they are sometimes condemned. A few 
articles in mink journals report that feeding fish, particu- 
larly at high levels, is dangerous (9). Yet, other reports 
show that even higher levels of fish can be fed without 
harm (36). Many articles compare performances of 
mink on fish and on meat diets. Sometimes, these 
reports assume and imply that "fish" is an ingredient 
of constant composition and uniform quality. 

Variability in composition of fish and fishery products 

Fish and fishery products differ in nutritive value owing 
to many factors: species, seasonal nature of the catch, 
maturity, size, sexual maturity, nature of the available 
food, etc. (44). Some species of fish are high in water or 
fat content, others low. At times, fish may contain roe. 
Some are cannibalistic, others are vegetarian in their 
feeding habits. Thin and small fish are chilled more 
rapidly than large and round fish; thus, they have less 
chance for spoilage. 

Fish and fishery products are marketed in many 
forms whole fish, filleted fish with or without viscera, 
fish heads, etc. These and many other factors illustrate 



why fish and fishery products vary in composition and, 
consequently, food value. Frequently, there are greater 
differences between batches of fish of the same species 
than there are between species. This explains why some 
ranchers may get good results, and others poor results, 
from feeding "fish" to mink. The nature of the fish 
products has an important bearing on the performance 
obtained from its feeding to mink. And this must be 
specified if the mink rancher is to make best use of 
fishery products. Analysis of some fish and fishery 
products commonly used in mink rations are given 
elsewhere by the writer (46). 

The mink industry 

A few statements concerning mink production may be 
helpful, in order to indicate the nature of the food 
supplies needed by the mink industry. Mink are carni- 
vorous animals. They are grown in the northern part of 
the Northern Hemisphere, or in areas of high altitude, 
where there is a cool climate and accessible low-cost 
food supplies. In the Great Lakes area, there is an 
abundance of fresh-water fish and meat by-products 
from the meat packing industry. In this area, fish 
competes with meat for a place in the mink ration. 

Commercial mink are derived from stock originally 
obtained from Alaska (United States) and Nova Scotia 
(Canada). The former were of large size with coarse 
fur; the latter were small, but of fine fur texture. Progeny 
of these matings are now distributed all over the world. 

Mink have certain peculiarities with respect to growth, 
reproduction and fur development and these affect 
feeding practices. Mink have one breeding season a 
year. They mate in March, and ovulation is induced by 
the mating act (23). There is delayed implantation of 
the ova. Females whelp from 38 to 76 days after mating. 
About twice as many eggs are shed as develop into 
kits. Growth of,kits is very rapid from 9 g. at birth to 
30 g. at 1 week, and 105 g. at 3 weeks of age. A large 
litter of kits may weigh as much as their mother in 3-5 
weeks entirely from her milk. About this time kits 
start to eat some solid food. Mink kits weigh 300 g. at 
6 weeks. By 16 weeks of age, kits have 80 per cent of 
their final body weight, and over 95 per cent of their 
body length and skeletal growth (45). 

Mink are housed in separate cages, and are thus 
entirely dependent on the food provided. They cannot 
forage to supplement their diet. All the nutrients neces- 
sary for body and skeletal growth, fur growth, reproduc- 
tion, gestation and lactation must be provided in the 
food. For that reason, and because mink have a very 
short digestive tract and a very rapid rate of food 
passage, mink foods must be palatable, quickly digestible 
and nutritionally well balanced. To nourish the animals 
during the different phases of their lives, the fish, meat 
and cereal portions of the diet are varied from time to 
time. Mink foods and mink feeding practices related to 
stage of life and season have been discussed elsewhere 
by the writer (46). 
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Fish and fishery products marketed for mink food 

The principal animal food fed to mink in early fur- 
farming was horsemeat. When supplies became short, 
fur farmers turned more and more to fish and fishery 
products. They were confronted with a confusing array 
of products. They found that some fish were available 
"in the round", while others were eviscerated. Fishery 
products were marketed as racks (carcasses which remain 
after filleting) with or without viscera. Frozen products 
came both raw and cooked. Waste from fish cutting 
and canning operations, as well as mixed surplus and 
rough fish, were available for mink feeding. 

Since then dried, condensed, and homogenized fish 
products have also found their way into mink foods 
as a basis for reconstituting fish or as a mink cereal 
supplement. Some of these products are dried fish 
meal, dried fish solubles, and their combination, fish 
flour (31), condensed fish solubles, homogenized fish 
and glandular hydrolysate. In addition, there are fish 
liver, fish oils and other specialty products. A discussion 
of all these products is beyond the scope of this article; 
suffice to say, they all have known feeding values when 
properly used in conjunction with other food ingredients. 
All of these products have a place in the utilization of 
fish and fishery products for feeding fur-bearing animals. 

The treatment of fish, from the time of catch to the 
time that mink consume the product, is extremely 
important. This can make the difference between a 
high quality and a poor product. Perhaps most failures 
where fish have been involved can be traced to careless 
treatment during the periods of processing, distributing 
and storage. In general, fish should be chilled with 
ice at sea, and sharp frozen when boats arrive in port 
(which they should do frequently). Antioxidants are 
sometimes added during processing, particularly in the 
case of fish flour or fish meal. Sometimes phosphoric 
acid is added to ground fish, which is then canned. 
Drying temperatures should not be excessive. Anti- 
biotics have been used with fresh fish to keep down 
bacterial spoilage. Since fish and fishery products are 
highly nutritious, they tend to spoil more rapidly than 
nutritionally poorer media. Consequently, extra care 
must be exercised in handling and feeding these in- 
gredients. 

Although whales (Balaenopterids) are mammals, 
they are usually discussed with fish with regard to their 
use in mink foods. Whalemeat is a by-product of oil 
production. It is a lean red flesh, marketed to mink 
ranchers as a replacement for horsemeat and fish 
(39, 52). 

Nutritional values of fishery products for fur bearers 

The ability of fishery products to satisfy the nutritional 
needs of mink in terms of energy, protein, fat, vitamins 
and minerals is related to their composition (2). How- 
ever, cooking, canning, drying and other types of 
preparation affect the available nutrient values. 
Fish and fishery products are considered by mink 



food manufacturers and ranchers primarily as a protein 
food (12). They rate fish equivalent to meat in this re- 
gard. Substantial levels of meat and fish always result 
in rations high in protein. In fact, practical mink 
rations contain protein considerably in excess of the 
mink's requirement for this nutrient. To illustrate, 
70 per cent of fish and meat and 30 per cent of cereal 
in the ration would provide 35 per cent of protein on a 
dry matter basis. This exceeds by far the highest protein 
requirement (22 per cent, dry basis) for growth of mink 
as established by the National Research Council (34). 
Supplementing the cereals with high protein ingredients, 
therefore, does not give beneficial effects if used in high 
fish and meat diets (18). 

Proteins from other sources, however, do not perform 
as well as fresh fish and meat, even though they have 
equivalent amino acid composition. Certainly, amino 
acid balance is as critical in mink foods as in livestock 
feeds in general. It would appear, therefore, that fresh 
fish and meat are more than donors of protein. Fish is 
known to be a valuable source of fats, vitamins and 
minerals as well. Research has shown, however, that 
even these additional nutrients do not offset the difference 
in performance between the natural and synthesized 
product. Enzymatic content and better palatability of 
the fresh products may be involved but so far researchers 
have not pinpointed the critical factors. 

Recent research (35) with the chick has shown that 
fish meals and, therefore, fresh fish are excellent sources 
of essential amino acids. There is much less variability in 
quality than occurred in the past. Steam and vacuum- 
dried meals are superior to those produced by improperly 
operated hot air driers. Protein quality, as measured by 
digestible, critical amino acids, is good in today's 
meals. There is little difference in amino acid composi- 
tion of the protein from meals prepared from various 
species of fish, whole fish, cannery waste, fresh or 
spoiled fish. The greatest loss in digestibility of the 
protein and oil occurs during the "cure" of the meal 
when it may become overheated due to oxidation of the 
oil. Turning the meal frequently avoids this problem. 

Mink digest fats efficiently but do not do as well with 
protein (32); ocean whiting has a protein digestibility of 
87 per cent compared with 92 per cent for boneless 
horsemeat and 89 per cent for chicken entrails. In con- 
trast, the digestibilities of fats are: fish oil 97 per cent, 
lard 96 per cent, and tallow 92 per cent. 

The fat level in the mink ration is adjusted by varying 
the levels of the cereal and the low and high fat 
ingredients. Ranch rations usually have less than 22 per 
cent fat but there is evidence that higher levels can be 
used effectively if the fat is stabilized (47). 

The vitamin requirements of mink are not too well 
established as indicated in the National Research 
Council bulletin (34). Practically, however, mink feeds 
contain ingredients such as fish, meat and brewer's 
yeast which are excellent reservoirs of vitamins (8, 21). 

Fish and fishery products from marine and fresh-water 
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sources have been compared and found to be about 
equivalent (3, 6, 43). Fish has also been compared with 
animal products such as horsemeat, tripe, chicken and 
turkey waste with excellent results (7, 15, 16). Different 
types of fish have also been checked for their value for 
growth, furring and reproduction of mink (1, 30, 50). 

To use fish products properly in mink rations they must 
be balanced by other ingredients. For example, whiting 
and hake are quite low in fat content. Consequently, 
other ingredients should be selected to offset this. 
High fat foods, even lard or other fat itself, can be used 
to bring up the fat content to proper levels. 

Another form of ration balance is one born of 
experience. Mink ranchers, who have fed fish products 
with more or less success, have found that the amount of 
any one kind of fish product to feed should be limited 
to 15 per cent. This makes for variety of ingredients 
which complement each other. Further, it limits any 
untested ingredient to a rather low level. Difficulties 
do not seem to happen with this type of feeding, because 
it provides a suitable margin of safety. 

Mink food has to be acceptable from the standpoint, 
not only of growth and reproduction, but just as impor- 
tantly for its value in the production of fur. Some fish 
are known to promote a good rate of growth, others 
good fur. For example, red and black rock fish are salt- 
water fish that have been found to be superior for furring. 
On the other hand, turbot is excellent for growth, but 
not for furring. Through research and experience mink 
ranchers have found which type and how much of the 
various fish products can be fed safely and profitably. 

Nutritional difficulties related to feeding fish to mink 

"Cotton" mink are extremely anemic and have a grey- 
white, flimsy underfur which causes the pelt to be 
practically worthless. This condition has been wide- 
spread but sporadic, usually associated with feeding 
large amounts of raw whiting and hake in North America, 
and coalfish in Norway. Researchers (1, 17) have shown 
that eviscerated whiting does not have the objectionable 
factor; eviscerated hake has it to some extent, raw 
viscera of both species has it to a great extent. 

Rancid and oxidized fats do not cause "cotton" 
pelts. Feeding multiple B 1 vitamins, copper, lysine and 
tyrosine are without effect. The objectionable factor can 
be destroyed by thorough cooking. Intramuscular 
injections of organic compounds containing iron, such 
as iron-dextran, prevent the "cotton" condition with its 
accompanying anemia. Consequently, the objectionable 
factor is a heat-labile antimetabolite which interferes 
with iron metabolism. 

Certain strains and families, as well as individual 
mink, differ in susceptibility to this condition. Conse- 
quently, some ranches have less trouble from this 
problem than others. To prevent "cotton" pelts, avoid 
the objectionable fishes or reduce amounts fed to 
levels that can be tolerated. If raw whiting is used, have 
it eviscerated: or use whiting and hake products that 



have been cooked. With the new knowledge concerning 
the nature of the nutritional problem, the incidence of 
"cotton" mink should be reduced substantially in the 
years ahead. 

"Yellow-fat" disease, or steatitis, is caused by feeding 
fish or fishery products that have become rancid. It 
usually affects young mink kits they refuse feed one 
day, and are often dead the next. At necropsy, the sub- 
cutaneous fat is pigmented yellow-brown and the spleen 
enlarged and blotched. The polyunsaturated nature of 
the fatty acids of fish fats is responsible for development 
of the condition in association with rations deficient in 
vitamin E. Antioxidant treatment of the fish product 
and vitamin E supplementation of the mink diet help 
prevent steatitis. Ocean herring and mackerel as well as 
fresh-water chubs and alewives are particularly inclined 
toward the development of this condition if they are 
stored too long. 

Rancidity of fishery products develops from too long 
and improper cold storage. Fish must be processed and 
frozen rapidly to produce a quality product (11). Hold 
material no more than 3 months in cold storage, on a 
"first in-first out" basis to minimize the problem of 
rancidity. Freezing does not improve the product; if 
it started to spoil before freezing, it will still have detri- 
mental effects. Antioxidants are being used increasingly 
to treat fish meal, flour and oil, to help prevent deteriora- 
tion of the fat (29). Tests with high levels of antioxidants 
have shown them to be harmless to mink during the 
growing period (38). 

Chastek paralysis in fox and mink is a thiamine 
(vitamin B : ) deficiency caused by the enzyme, thiaminase, 
which destroys this vitamin in the ranch ration prior to 
and during ingestion (14). This enzyme is found in a 
number of species of fresh and salt-water fishes (10). 
Smelt, carp, burbot, bullhead, sucker, alewife and ocean 
herring contain thiaminase. It is particularly concen- 
trated in the viscera. Nonthiaminase fish may at times 
contain this enzyme in the viscera, if they have con- 
sumed thiaminase fish as prey. 

To overcome this problem, cook such fish at 180F 
for 15 minutes to destroy the heat-labile thiaminase 
enzyme. Those who cook their cereal can do both at 
the same time. However, thiaminase fish can be fed 
raw on alternate days with nonthiaminase fish. Fed in 
this manner, fox and mink are able to obtain sufficient 
thiamine for their well-being. 

Urinari calculi, nursing sickness, pregnancy disease, 
wet belly, fatty change of liver and gastroenteritis are 
not .thoroughly understood but are considered nutritional 
in nature (13). Fish and fishery products have not been 
specifically associated with any of these problems; 
but the fact that these products comprise a substantial 
part of most practical mink rations makes the rancher 
question them when he is in trouble. For example, 
some mink rations have been noted to be too high in 
mineral content. Fish products contain liberal amounts 
of mineral. The particular problem then is not concerned 
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so much with fish as it is with controlling and balancing 
mineral contents. 

Fish in dry diets for mink 

Commercial mink food are composed primarily of 
fresh or frozen products. Naturally, attempts have been 
made to develop mink rations of readily available, easily 
stored dry ingredients such as are fed to poultry and other 
domestic animals. These dry diets usually contain high 
levels of fish meal (24, 25, 26). 

Best results with dry diets have been obtained during 
late growth of kits and maintenance of adult animals of 
both sexes. Unsatisfactory results have been obtained 
during gestation and, particularly, lactation. The 
quality of fish meal appears to be critical: vacuum- 
dried fish meal with solubles is best. Higher fat levels 
improved the rate of growth of kits. Breeding perfor- 
mance was as satisfactory on dry diets as on ranch-type 
rations. 

Dry diets use lower-cost ingredients which are in 
ample supply and more stable in price than fresh fish 
products. They store without refrigeration and there is 
less likelihood of spoilage and food-borne infections. 
While only partially successful until now, there is reason 
to believe that greater use will be made of this type of 
feeding in the future (37). 

Trends for the future 

Fish and fishery products filled the vacuum left when 
horsemeat no longer became available in sufficient 
quantity. Meat by-product supplies are fairly constant 
year to year; so if the mink population increases in the 
future, fishery products will be expected to provide this 
necessary part of the ration. 

Several sources of fish have not, as yet, been exploited 
for mink feeding. The menhaden (Brevoortia tyrannus) 
abounds in the Atlantic Ocean and Gulf of Mexico, 
from New England to Texas. Practically all is now 
reduced to oil and fish meal, the latter for use in poultry 
and swine feeds (27, 28). The menhaden has not been 
used for feeding mink, because it is an oily fish and 
ranchers have feared "yellow fat" disease. Recent 
pilot studies (49), however, indicate that 60 per cent of 
the meat portion of the diet can be menhaden, if thiamine 
is added to prevent Chastek paralysis. Cooked men- 
haden, and the cooked press cake remaining after 
extraction of the oil, are also satisfactory and more 
practical as a substitute for animal products. The press 
cake seems especially promising for mink feeding. 

The alewife and other rough fish have become so 
abundant in the Great Lakes that they are a menace to 
commercial fishing. Recent preliminary experiments (38a, 
46) have demonstrated that mink can be fed satisfactorily 
on alewives if these are processed under normal meat- 
canning conditions. The use of better fishing gear (20) 
has shown that these fish can be harvested profitably 
for mink food. 

Frozen fish in blocks and packages require considerable 



time for thawing and during this time quality deterio- 
rates. Recently, equipment for rapid thawing has entered 
the human food field (4) and may well be suitable for 
thawing fish for mink. This should reduce the risk of 
spoilage of mink food, prior to feeding and when on the 
feeding boards. 

More efficient equipment has been developed for 
freeze-drying (5). This should produce superior dry 
fish flour and meals that might replace more of the 
fresh product in mink foods. 

Greater use is likely to be made of dry cereal for mink 
feeding in the years ahead. This will reduce the amount 
of fresh fish needed, but will demand more high quality 
fish meal. Certain fermented cereal products contain 
unidentified growth factors frequently supplied by fishery 
products (48). Much ocean fish is trucked from the coasts 
to inland points. These products have very high amounts 
of water which adds considerably to the cost of transport, 
and yet is available locally. Dry, concentrated or con- 
densed fish products thus would lower the cost of mink 
foods, if they could be used satisfactorily. 

The recent trend of collaboration between mink 
ranchers, university research nutritionists, and biologists 
of the United States Fish and Wildlife Service, augurs 
well for the solution of many of the troublesome 
problems that at present stand in the way of maxi- 
mizing the use of fish and fishery products for mink 
feeding. This cooperation keeps the mink rancher 
informed about the availability and values of certain 
fishery products, and at the same time advises the 
fishing industry of the foods and feeding needs of the 
mink industry. It will help speed up solutions to some 
of the vexing problems involved in the use of fish and 
fishery products for feeding fur-bearing animals. 
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THE UTILIZATION OF MENHADEN PRODUCTS BY MINK 

by 
R. G. WARNER, C. F. BASSETT, and R. P. ABERNATHY 

In preliminary studies it was demonstrated that fresh, whole menhaden included in the diets of adult or growing mink at a level of 
40 per cent would result in a thiamine deficiency. Supplementation with 0-5 mg. of thiamine hydrochloride per mink per day prevented the 
symptoms from appearing, and promoted normal weight gains. Therapeutic doses of 50 mg. promptly alleviated all symptoms. It may thus 
be concluded that fresh whole menhaden contains an active thiaminase. Successive experiments showed that menhaden press cake (cooked 
whole menhaden minus most of the fat) did not contain this antienzyme. Studies were then initiated to examine the usefulness of whole 
menhaden press cake as a replacement for horsemeat in mink diets. Sufficient tallow was included with the menhaden to make it equal in 
gross energy to the components it replaced. Experiments with 10 growing kits per group resulted in final live weights at pelting respectively 
for the following diets of: (1 ) Ranch diet control, 4-1 lb.; (2) Press cake replacing the horsemeat, 4-04 Ib. A subsequent experiment compared 
the following diets utilizing 36 weaning male kits per group: (1) Ranch diet control including 20 per cent horsemeat, (2) Diet (1) with horse- 
meat replaced by press cake and fat, (3) Diet (1) with horsemeat replaced by press cake, saturated with a fish peptide solution and fat, (4) 
Diet ( 1 ) with horsemeat replaced by an enzymatically digested whole menhaden plus fat. All fish products were prepared by Marine Chemurgics 
Inc., Morehead City, N.C. The following data were collected for each group; gain 6 16 weeks, gain 6-29 weeks, gain in body length to pelting 
and pelt score (better pelts have lower scores). The results were respectively for each group: (1) 1041 g., 1540 g., 8-3 in., 6-2; (2) 1064 g., 
1526 g., 8-6 in., 7-1 ; (3) 1036 g., 1510 g., 8-5 in., 7-3; (4) 1035 g., 1468 g., 8-3 in., 7-1. None of the differences between diets were statistically 
significant. Preliminary results using diets (1 ) and (2) suggest that diet (1 ) results in superior reproduction as indicated by live kits at 42 days. 
The above studies suggest a useful place for whole menhaden press cake in mink diets. 

UTILISATION DES PRODUITS DU MENHADEN DANS L' A LI MENTATION DU VISON 

Au cours deludes preliminaires, il a etc demontre que 1'inclusion de 40,', de menhaden frais entier dans le regime alimentaire du 
vison adulte on en pleine croissance entrainerait une carenceen thiamine. L'adjonction de 0,5 mg. dc chlorhydrate de thiamine dans la ration 
journal icre de chaquc animal evite I'apparition des symptomes et permet un accroissement normal du poids. Une dose therapcutique de 50 
ing. fait rapidemcnt disparaitrc les symptomes. On peut en conclure que le menhaden frais entier contient une thiaminase active. Des 
experiences out montrd que les gateaux de presse de menhaden (cuits entiers et degraisscs) ne contiennent pas cet anti-enzyme. Des etudes 
furent ensuite ent reprises pour determiner 1'utilite de ces tourteaux de menhaden entier comme succcdanes de la viande de cheval dans le 
regime alimentaire du vison. Une quantite suffisante de suif fut ajoutee au menhaden afin d'egaler en pouvoir cnergetique les elements qu'il 
remplacait. Des experiences poursuivies avec des groupcs de visons comprcnant dix petits chacun ont permis d'obtenir les resuitats ci-apres, 
avec les regimes alimentaires indiques, en ce qui concerne le poids vif constate au moment du depouillement : (1) Alimentation-type de ferme, 
4,1 lb. (2) Tourteaux remplacant la viande de cheval, 4,04 lb. Une experience ulterieure consista a comparer les resultats obtenus grace aux 
regimes alimenlaires suivants, avec des groupcs comprenant chacun 36 males sevre*: (1) Alimentation-type dc fcrme, comprenant 20?,, de 
viande de cheval; (2) Regime (1) avec des tourteaux et des matieres grasses en remplacement de la viande de cheval; (3) Regime (1) dans 
Icquel la viande de cheval etail remplacee par des tourteaux satur6s d'unc solution de peptide dc poisson et des matieres grasses; (4) Regime 
( I ) dans Icquel la viande de cheval 6tait remplacee par du menhaden entier qui avait subi une digestion cnzymatique et par des matieres 
grasses. Tous ces produits du poisson etaient pr6pares par "Marine Chemurgics Inc.", Morehead City, Caroline du Nord. Les donnees 
ci-apres furent recueillies pour chaque groupc: augmentation dc poids de 6 a 16 semaines, augmentation de poids de 6 a 29 semaincs, accrois- 
sement de la longueur du corps jusqu'au moment du ddpouillement et calibre dc la fourrure (les meilleures peaux ont le plus faible calibre). 
Les resultats rclatifs a chaquc groupe furent rcspectivement les suivants: (1) 1041 g., 1540 g., 8,3 inches, 6,2; (2) 1064 g., 1526 g., 8,6 inches, 
7,1 ; (3) 1036 g., 1510 g., 8,5 inches, 7,3; (4) 1035 g., 1468 g., 8,3 inches, 7,1. Aucunc des differences constatees a la suite dc ces divers regimes 
n'etait significative du point dc vue statistique. Les resultats preliminaires obtenus avec les regimes (1) et (2) laissent supposer que le regime 
( 1 ) produit une reproduction superieure comme indiqude par des petits vivants & 42 jours. Les 6tudes ci-dessus semblent fairc ressortir Putilite 
des tourteaux de menhaden entier dans ralimcntation du vison. i 

LA UT1LIZACION DE LOS DERIVADOS DEL SABALO EN LA DIETA DEL VISON 

Estudios preliminarcs nan demostrado que la inclusion dc un 40% de sabalo cntero fresco en la alimcntacipn de visones adultos o en 
crecimiento, produce una deficiencia de tiamina. La adicion de 0,5 mg. dc hidrocloruro de tiamina en la racion diaria dc cada animal, evito la 
aparici6n dc los sintomas y facilitb el crecimiento normal. Dosis terapeuticas de 50 mg. hicieron desaparecer rapidamente todos los sfntomas. 
Se deduce que el sabalo cntero fresco contiene una tiaminasa activa. Experimentos posteriores dcmostraron que la torta prcnsada de sabalo 
(cocido entero y desgrasado casi por completo) no contiene estc antienzima. A continuation sc iniciaron experiencias para determinar el valor 
de la torta de prensa del sabalo cntero como substitute de la carne dc caballo en la alimentacibn dc visones. Se adicion6 al sabalo sebo 
suficiente para igualarlo en encrgia total a los compuestos substituidos. Experimentos subsiguientes con grupos de 10 visones en crecimiento 
dieron los siguientes pesos en vivo en cl momento de dcspellejarlos : (1 ) con la alimentacion normal tcstigo: 4,1 lb.; (2) con torta de prensa 
en vcz de carnc dc caballo, 4,04 lb. Posteriormcnte se emplearon grupos de 36 visones macho recien destetados para comparar las raciones 
siguientes: (1) raci6n normal testigo, mas un 20% de carne dc caballo; (2) raci6n (1), pero substituycndo la carne de caballo por torta dc 
prensa y grasa; (3) racion (1) con la carne dc caballo substituida por torta de prensa saturada con una solucion de pptidos de pcscado y 
grasa; (4) racion (1) con la carne de caballo substituida por sabalo entero digerido enzimaticamentc mas grasa. Todos los productos dc 
pescado fueron preparados por Marine Chemurgics Inc., Morehead City, North Carolina. De cada grupo se obtuvo la siguicntc informaci6n: 
aumento desde las 6 hasta las 16 semanas, aumento desdc las 6 hasta las 29 semanas, aumento en la longitud del cuerpo hasta el momento 
de despellejar y graduation de pielcs (las mejores pieles tienen las graduacioncs mas bajas). Los rcsultados fueron respectivamcnte para cada 
grupo: (1) 1041 g., 1540 g., 8,3 pulgadas, 6,2; (2) 1064 g., 1526 g., 8,6 pulgadas, 7,1 ; (3) 1036 g., 1510 g., 8,5 pulgadas, 7,3; (4) 1035 g., 1468 g., 
8,3 pulgadas, 7,1. Ninguna de las diferencias fu6 significativa desde el punto de vista estadistico. Los rcsultados preliminares, usando las 
raciones (1) y (2), sugieren que la (1) da por resultado una reproducci6n superior segun lo indican los pequefios visones vivos a los 42 dias. 
Los estudios anteriores sugieren un papel util de las tortas prensadas de sabalo cntero en las raciones dc visones. 
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DISCUSSION 

On the paper submitted by Dr. Schaible, DR. G. BORGSTROM 
(U.S.A.) remarked: A few facts on thiaminase in fish might 
be put on record. Thiaminase was first discovered in clams, 
later in fresh-water fish, and finally, in salt-water fish. It is not 
specific to any one of these groups. The Japanese "ayn" 
lacks this enzyme. Reports seem to indicate that the herring 
of European waters lack thiaminase, while those taken on 
the North American coast frequently contain this enzyme. 
This points to the feed (plankton or invertebrates) as the 
source of this enzyme. Indian studies have found thiaminase 
distributed among different fresh-water fish; also among 
brackish and salt-water fish. They report three separate 
thiaminases : one specific to fresh-water fish, and two encoun- 
tered chiefly in brackish-water and salt-water fish. These 
latter two can be distinguished by the pH optima (3*5 against 
5-6). Amines arc potent activators of thiaminase. A Japanese 
scientist, Kimure, discovered fish bacteria capable of pro- 
ducing thiaminase. This brings up the point whether thiami- 
nase is intrinsic to the fish or has an exogenous origin, even 
though it may occur in the muscle. Bui liver, kidneys, viscera, 
and gills are most potent. Livers of some fish may contribute 
20 or 30 times more than the muscle. These statements have 
been brought out to underline how little we know on this 
very important point. This problem, undoubtedly, may 
have implications in the use of fish as human food. I also 
want to remind you that this phenomenon is not unique to 
fish. Bracken poisoning of cattle is one of many phenomena 
which has brought up the possibility that thiamin might be 
destroyed by agents other than enzymes. 
DR. H. R. BIRD (U.S.A.): What is the moisture content of the 
press cake referred to in Dr. Warner's paper? 
DR. S. A. MILLER (U.S.A.): The presscake was produced by 
the wet-reduction method to contain approximately 50 per 
cent moisture. In the glazed press cake, the moisture content 
was higher, since clarified stickwater (to eliminate the phos- 
phatides) was added. 

DR. H. R. BIRD (U.S.A.): What progress has been made on 
dried feeds (containing fish meal) similar to poultry mash 
feed? 

DR. P. J. SCHAIBLE (U.S.A.): Using much dry feeds, we have 
had the best success during the late growth and maintenance 
of mink. Gestation and particularly lactation are problems, 
however. Other people have not had as much success with 
this diet as we have had. This may be due to the better quality 
of the vacuum-dried meal we were using. Dried foods have 
proved as good as fresh foods for pelt quality. Dry foods may 
be superior for maintenance. One should be able to supply 
about one-half the diet for mink through dried foods. Dry 
foods are sometimes fed in a wet mash form. In other words, 
water is added to the dry foods prior to feeding. 
DR. H. L. A. TARR (Canada): For chicks, we have found 
that solubilized fish (from acid or enzyme digested fish) are of 
lower nutritive value than meals prepared by conventional 
processes. 

MR. M. STANSBY (U.S.A.): Do you have any information on 
the oil content of the press cake, and the possible occurrence 
of steatitis? 



DR. S. A. MILLER (U.S.A.): North Carolina summer men- 
haden, containing 8-9 per cent fat, yielded a scrap of about 
9 per cent fat. The final press cake had about 5 -5 per cent fat. 
No problem was encountered with yellow-fat disease. The 
fish was frozen at sea with carbon dioxide, and held frozen 
under nitrogen until used. 

DR. P. J. SCHAIBLE (U.S.A.): A bulletin which describes 
mink production, including a chapter on the use of fish, is 
available upon request. Borgstrom's comments relating to 
thiaminase were appreciated. In reply to Dr. Tarr, these 
meals included the solubles. 

DR. A. BACIOALUPO (Peru): Has selenium or antioxidants 
been used for mink foods beyond that work on Vitamin E 
reported here? 

DR. P. J. SCHAIBLE (U.S.A.): There is no specific information 
on record of a relationship of steatitis to selenium; most work 
was conducted before the recent interest in selenium. Recent 
work by Lookley has shown that the incidence of steatitis is 
reduced by antioxidants. 

DR. F. J. KING (U.S.A.): Are the mink feeds formulated by a 
producer or by the ranchers? 

DR. P. J. SCHAIBLE (U.S.A.): In the beginning, the ranchers 
did both the formulating and mixing. Later, cooperatives 
stepped in to mix and distribute fresh and frozen foodstuffs. 
Currently, mink food manufacturers produce complete 
diets, and also cereal premixes which can be (and often are) 
supplemented. 

DR. V. E. NEWF, (U.S.A.): Is wet belly disease of nutritional 
origin ? 

DR. P. J. SCHAIBLE (U.S.A.): Some people think so; we do 
not. Nutrition may be an influencing factor, however. This 
problem in the live animal is caused by the dribbling of 
urine on the fur. This may cause some deterioration of the 
pelts. Wet belly in the pelts is what the furrier sees. These 
spots on the leather side of the skins are believed to be due to 
late maturation of hides indicating immaturity. 

At the end of this Discussion, PROF. H. CABALLERO (Chile) 
asked leave to submit the following recommendations: 

(1) To promote research with a view to determining the 
true nutritive value of fish meals and their derivatives for 
animal consumption (especially for monogastric animals), 
setting up, in connection with these evaluations, practical 
methods that can lead to the establishment of well-defined 
standards useful to the manufacturer as well as the expert 
and the farmer. 

(2) To promote research with a view to producing informa- 
tion as to the effective use of fish and its derivatives (fish meal, 
by-products, waste, etc.) in animal nutrition. 

This will permit efficient utilization of these products in 
animal nutrition, and bring about considerable economy in 
various protein products of animal origin which will thus 
reach the consuming public directly. 

(3) To study the use in animal nutrition of those products 
or sub-products of low nutritive and commercial value that, 
properly supplemented with fish meal or its derivatives, 
could be converted into foods of considerable nutritive 
value. 
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THE DEMAND FOR FISH AS HUMAN FOOD 

by 
R. HAMLISCH and R. A. TAYLOR 

Principal trends in the demand for fish as human food in Western Europe, in North America, and in developing countries, arc 
summarized. 

Available evidence suggests that average consumption levels in Western Europe and North America are not likely to change 
materially in the foreseeable future. The outlook is favourable for selected products in the "luxury" class characterized by high income 
elasticities. Consumption of less valued fish, on the other hand, may substantially decline with improvement in levels of real income. 

Greater emphasis on quick-freezing and advances in the fields of technology, transport, storage, and distribution can be expected 
to widen markets for fishery products, especially in some European countries. Demand may also be stimulated by introduction of new pro- 
ducts, by careful attention to price policies and trade practices, and by intensified promotional activities. 

Competition from other animal protein foods will, if anything, increase rather than diminish. In order not to lose their markets, 
therefore, the fishery industries of developed countries will have to maintain considerable flexibility in their policies, and sec to it that 
relative costs arc not allowed to get out of line. 

Competition from other foods is much less important in developing countries. There is no question that fish consumption could be 
greatly expanded in most of these countries, provided: 

(1) increased supplies were made available in markets not adequately served, because of lack of facilities for transport and 
marketing, and because of various institutional factors limiting market quantities; 

(2) educational campaigns were initiated to increase the knowledge of nutritional aspects and to break down superstitions and taboos; 

(3) incomes were raised to enable consumers to enrich their diets by the addition of animal protein foods, particularly fish, the 
cheapest source of such foods. 

LA DEMANDE EN POISSON COMME ALIMENT HUMAIN 

L'article resume les tendances principales de la demande en poisson comme aliment humain dans TEurope occidentals TAmerique 
du Nord et les pays en voic de developpemcnt. 

Les donnees disponibles laissent penser que les niveaux moyens de la consommation en Europe occidentale et en Ameriquc du Nord 
nc sc pre parent pas, probablcment, a changer mater iellcment dans un avenir previsiblc. La perspective est favorable en cc qui concerne les 
produits de choix destines a la ciassc superieure caracterisee par de hautes disponibilites financicres. La consommation du poisson dc moindre 
valour, par aillcurs, peut diminuer d'une facon notable par ramelioration du revenu moyen. 

On peut s'attcndre a un plus grand effort dans la congelation rapide ct a des progres dans les champs dc la technologic, du transport, 
de Fentreposage et de la distribution qui &largiront le marche du poisson, surtout dans quelques pays europeens. La demande peut etre 
aussi stimulcc par Introduction de nouveaux produits, par unc attention soign6e portee a la politique des prix ct aux usages commerciaux 
et par des activity dynamiqucs en promotion de ventes. 

Quoi qif il en soil, la concurrence des autres aliments proteiques animaux augmentera plutot qu'elle ne diminuera. Afin de ne pas 
perdre leurs marches, les industries poissonnicres des pays developpes dcvront en consequence maintenir unc souplesse considerable dans 
leur politique el veiller & ce que les prix de revient rclatifs ne s'ecartcnt pas de la direction prevue. 

La concurrence des autrcs produits alimentaires est bien moins imporlante dans les pays en cours de d6veloppement. II est hors de 
doute que la consommation du poisson pourra s'etendre largement dans la plupart de ces pays, & la condition: 

(1 ) que des approvisionnements accrus soient disponibles sur les marches, qui ne son! pas encore correctcment servis, par suite d'un 
manque de facilites de transport et de commercialisation et par suite de 1'existence dc facteurs institutionnels divers qui limitenl les quantites 
mises sur le marche; 

(2) que des campagnes educative* soient entrcprises pour accroitre la connaissance en matiere de nutrition ct pour briser des 
superstitions et tabous; 

(3) que les revenus soient augmentes pour permettrc aux consommateurs d'enrichir leur regime par 1'addition d'aliments ptotciques 
animaux, particulierement de poisson, le moins cher d'entre eux, 

LA DEMANDA DE PESCADO COMO ALIMENTO HUMANO 

El articulo resume las tendencias principales de la demanda de pescado como alimento humano en Europa occidental, Norteamerica y 
paises en desarrollo. 

Los datos disponibles hacen pcnsar que los nivcles medios de consumo en Europa occidental y en Norteamerica no es probable que 
cambien sensiblemente en un futuro previsiblc. Las perspectivas son favorables para productos seleccionados destinados a la clase superior, 
caracterizada por fuertes disponibilidades financieras. For otro lado, el consumo de pescado dc menor valor puede disminuir sensiblemente 
con la mejora de los ingresos rcalcs. 

Puedc esperarse un mayor esfuerzo en la congelacion rapida y adelantos en tecnologfa, transporte, almacenamiento y distribution para 
ampliar los mercados de productos pesqueros, especialmente en algunos pafses europeos. La demanda tambien puede ser estimulada por la 
introducci6n de nuevos productos, atenci6n euidadosa a las politicas de precios y practicas comerciales, y acelerando la promotion de ventas. 

Seria normal que la competencia de otros alimentos de proteinas animates aumentara en vez de disminuir. Por tanto, para no perder 
sus mcrcadps, las industrias pesqueras de los paises dcsarrollados tcndran que mantener muy flexibles sus politicas y ocuparse de que los 
costes relativos no se anarten de las lineas previstas. 

La concurrencia de otros alimentos es mucho mcnos importantc en los paises en desarrollo. No hay duda alguna de que el con- 
sumo de pescado podrfa ampliarse mucho en cast todos ellos a condicion: 

( 1 ) de que aumentara el suministro en mercados insuficientemente servidos, debido a falta de medios de transporte y comerciali/acion 
y a la existencia dc factpres institucionales diversos que limitan las cantidades a ellos enviadas; 

(2) que se inicien campaftas educativas encaminadas a incrementar los conocimientos de los aspectos nutritivos y a romper super- 
sticiones y tabus; 

(3) que se eleven los ingresos para que los consumidores puedan enriquecer su alimcntacion mediante la adicion de alimentos con 
proteina animal, particularmente el pescado, que es el mas barato de todos. 
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PART I. THE BASIS OF ENQUIRY 

IN the opinion of a noted agricultural economist there 
is much confusion about the economic effects of 
advances in the young science of nutrition: 
"Better nutrition is a good thing" he writes, "but under 
what conditions and at what price? All too frequently 
the goal of better nutrition is approached in altogether 
too narrow a physical-biological framework with no 
clear conception of the possibility (costs), or of the 
preference, and how they are related one to the other" 

(1). 

In line with this thinking, this paper has been pre- 
pared to broaden the basis of the discussion of the place 
of "fish in nutrition". 

It is interesting to reflect on how different our daily 
lives would be, if man's behaviour as a consumer was 
motivated purely by objective factors. Domestic animals, 
to make a comparison, are fed on diets which aim to 
provide maximum feeding content at minimum cost; 
and the prices of animal feeds tend to vary directly with 
the richness of the particular factor protein or other 
nutrient for which they are purchased. Looked at in 
this way, the preference system which man applies to his 
own consumption appears quite irrational. In Great 
Britain in 1958, for example, consumers obtained 25 per 
cent of their protein from meat which absorbed 28 per 
cent of their total expenditure on food; they obtained 
4 per cent from cheese which took up 2 per cent of their 
expenditure on food and they obtained 1 per cent from 
fat fish (2) at a cost equal to 0-2 per cent of their total 
food expenditure (3). 

These three foodstuffs give other nutrients besides 
protein, but they are known chiefly for their protein 
content. Yet it can be seen that expenditure on each 
varied inversely with the cost per unit of protein. If 
man applied the same rules in feeding himself as in 
feeding his domestic animals, food consumption patterns 
would, one suspects, look very different. Herring, which 
at current prices is an extremely cheap source of protein, 
would no doubt be consumed in much larger quantities 
in most European countries, and less would be destined 
for the fish meal works. 

Lack of knowledge about the nutritive value of fish 
relative to other foodstuffs has a lot to do with this 
behaviour. But of course, many subjective factors 
revealed in the tastes, likes and dislikes, and habits of 
consumers play a large part in determining people's 
preferences. 

The objectives of the analysis of demand 

Scope and method of demand-analysis vary with the 
objectives of the enquiry. Results have a meaning, 
therefore, only in relation to the particular aim for 
which a study has been undertaken. In assessing the 
place of fish in human diets, for instance, utilization of 
catches for industrial and animal feeding purposes is 
not taken into account. Nor is it necessary, when 



computing per capita consumption figures for a country, 
to distinguish between supplies produced domestically 
and supplies imported from abroad. If the focus of 
interest, however, is on the economic implications of the 
demand for fish, the procedure has to be reversed : total 
net income, both from food and non-food fisheries, has 
to be calculated, and a clear distinction has to be made 
between the economic contributions, in relative terms, 
of production and of foreign trade. Fish may be of grow- 
ing dietary importance in a particular country; yet the 
mere diagnosis of such a trend, if not supplemented by 
economic evidence, does not warrant any conclusions 
with respect to the future outlook of the fishery industries 
or the economy in general. 

Most demand studies aim at more than just describing 
what elements account for past trends. In increasing 
measure, they provide the means for charting the future 
course of markets. For forecasting purposes, it is not 
enough to know the determinants of demand and their 
relative significance. Projections must be concerned 
also with the constancy of the various determinants, and 
the likely effects of changes in these factors. 

Nutritional and economic data are only a part of the 
information that is needed for the formulation of public 
policy. In addition to the place of fish in human diets 
and to the economic implications of consumption 
patterns, the government has to consider conservation, 
and sociological and technological aspects. 

The determinants of demand 

In the widest sense, the demand for one commodity is 
related to the demand for all others, because a relative 
change in the quantity demanded (and the expenditure) 
will affect what is available for the other commodities. 
Consequently, all factors influencing the demand for 
one commodity, must have an influence on the demand 
for all others. Clearly, however, amongst the relation- 
ships between one commodity and other commodities or 
other factors, some are more direct and have more 
practical significance than others. 

The first task, therefore, is to reduce the list of possible 
determinants to a much shorter list of probably significant 
ones. This is where common sense and a certain amount of 
economic theory are used. The next stage is the collection 
and analysis of facts to test the hypotheses made ; the pre- 
sumption being that without taking all possible influences 
into account particularly those difficult to measure 
one can arrive at a measure of the relationships between 
certain factors and the commodity in question. This 
quantitative analysis of economic problems, or econo- 
metrics, has developed rapidly over recent years. Con- 
sidering the number and scope of the questions requiring 
an answer, however, only a beginning has been made in 
this field. Moreover, while such studies and the whole 
approach is inherently historical, in that the data used 
relate to past periods, the practical value of this method 
of analysis must lie in the greater understanding that 
it gives of current and future developments, which is 
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contingent upon the stability through time of the relation- 
ships established. A sound knowledge of the stability 
of the functions cannot be obtained, however, until a 
larger body of data, covering longer periods of time, has 
been accumulated. Those who seek answers today, 
therefore, must put up with much more tentative replies. 

The kind of relationships calculated to date cover the 
more obvious basic determinants of demand : the rela- 
tionship between the demand for A and the price of A, 
the demand for A and the prices of substitute and comple- 
mentary commodities, B, C, D, etc. ; the demand for A 
and income per capita, and expenditure on A and in- 
come per capita. In the case of foodstuffs, the relation- 
ships between demand, income and the sizes of house- 
holds and their composition are also frequently calculated. 

There are, however, many other determinants which 
are much more difficult to quantify. In the case of fish, 
these include such factors as: the uncertainty of supply 
and uncertainty of quality; instability of prices; institu- 
tional factors, such as the availability of facilities for 
distribution; consumer tastes and habits; and the 
extremely important one sales promotion in all its 
forms. From a policy standpoint, the latter determinants 
may sometimes be more important than the readily 
quantifiable determinants, because they can more easily 
be changed. 

In the long run, population growth is probably the 
most important single determinant of the total demand 
for food and the total demand for fish. Also of special 
significance from the standpoint of effective demand in 
the long run is the degree to which supply can be ex- 
panded in response to rising requirements without 
seriously (by a change in relative price ratios) affecting 
the relationship of fish to competitive commodities. 

In recent years, motivational research has found 
increasing application in the study of the process of 
decision-making in some developed countries and can be 
expected to become an important tool in demand 
analysis in the future. In our present state of knowledge, 
however, its application is very limited. Today, time 
series on population, catches, trade, prices, incomes, 
etc., and the results of household and institutional 
consumer surveys are the principal sources of data for 
demand studies. 

The data used are in physical terms (catches, edible 
weight consumed, etc.) or in monetary terms (dollar 
expenditures, income, etc.). They may be global, national, 
or regional totals. They may relate to specific groups of 
products or of people (fresh fish, households, income 
classes of consumers, etc.) or to individuals (per capita 
consumption or expenditures). They may relate to periods 
of specified length (annual retention, weekly expenditures, 
etc.), all depending on the objective and method of 
enquiry. 

The role of fish in human diets 

There is a wide variation in the level of consumption 
of fishery products as well as in their relative importance 



in the human diet in different parts of the globe. In the 
top ranks of consumers (where per capita retention 
in terms of catch weight is in excess of 45 pounds a year) 
are a few Far Eastern countries, the United Kingdom, 
Portugal, and most of the Scandinavian countries. In a 
sizeable number of countries, consumers use, on the 
average, anywhere from 45 pounds to one-half this 
amount. However, many countries, including some of 
the largest and most populous in the world, consume 
even less fish. There are even entire regions, such as the 
Near East, where virtually no fish is eaten. 

Per capita data do not tell the whole story. The level 
of consumption may be the same in two countries; yet 
in one of them fish may be of substantially greater 
relative importance in the diet than in the other. 

To give an example : in the Soviet Union, fish accounts 
for more than 10 per cent of animal protein consumption; 
but in the United States, where per capita consumption 
of fish is at a similar level, the corresponding percentage 
is only about a third as large. 

In considering the place of fisheries in the economies 
of the two countries, we must also remember that 
imports constitute only 3 per cent of supplies retained 
in the Soviet Union as against one-third of supplies in the 
United States. In the Soviet Union, a very substantial 
expansion in per capita consumption of fish is foreseen 
by 1965, while no significant change is anticipated in the 
United States. Basic government policy in the Soviet 
Union is said to actually favour development of fisheries 
over other sectors of the food economy, particularly 
livestock production (4). 

On a regional basis, the relative importance of fish in 
human diets is greatest in the Far East. There it accounts 
for almost one-fifth of the entire animal protein intake. 
This region includes Japan, where animal protein con- 
sumption is relatively high, chiefly the result of a pro- 
nounced preference for fish. In other countries in the 
region, animal protein intake is much lower. Fish, how- 
ever, make up a significant proportion of this intake. 

Elsewhere in the world, fish plays a less important part 
in enriching the animal protein content of diets. Of the 
European countries, Iceland is the one that most closely 
resembles Japan in its heavy reliance on fish protein. In 
most other countries, even those with a relatively high 
per capita consumption, fish constitutes only a modest 
part of total protein intake. In the Near East, in Africa, 
and in the Americas, fish consumption is low not only 
in absolute terms, but also in relation to total amount of 
animal protein consumed. 

Beyond citing a few statistical aggregates, there is 
little opportunity for generalizing on the demand for 
fish on a world-wide basis. Consumption varies greatly 
within even very small areas. While some patterns may 
be determined by geographic and natural conditions, such 
as climate and closeness and richness of fishable waters, 
others are related primarily to social, cultural, and 
religious characteristics, and to economic and techno- 
logical factors. 
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An exhaustive discussion of the demand for fish as 
human food the world over could very well be the subject 
of a separate meeting. The observations in this paper 
will be limited, therefore, to the description of basic 
trends in selected regions. The discussion will be in 
three sections: one devoted to Western Europe, one to 
North America, and one to the developing countries. 



PART II. THE DEMAND FOR FISH IN 
WESTERN EUROPE 

A recent OEEC publication summed up the trend in fish 
consumption in Europe by stating that in **. . . the OEEC 
area as a whole, the increase in supplies has roughly been 
in step with the post-war population growth" (5). The 
report however, also explains, that there have been a 
number of diverse elements within this aggregate. Jn the 
high income countries like Belgium, Denmark, Germany, 
Holland and the United Kingdom, fish consumption per 
capita declined, while it increased in such countries as 
Austria, France, Ireland, Italy, Portugal, Spain and 
Turkey. 

It should perhaps be pointed out that in some of the 
latter group of countries consumption is rising from a 
rather low base, relative to the European average. This 
is true, for example, of Austria, Ireland, Italy and Turkey. 
But it is certainly not so in the case of Portugal, where 
consumption is relatively high, nor of Spain, where it is 
also above the European average. Similarly, amongst 
those countries showing declining fish consumption per 
capita, in some the level is above the European average, 
while in others it is below. 

Appendix I shows the level of fish consumption per 
capita in various European countries and illustrates the 
changes that have taken place between 1948 and 1958 
and since 1938. Due to the aftermath of war, the figures 
for 1948 are not necessarily representative of free market 
consumption levels. Average consumption per capita in 
Europe has remained at approximately 15-5-16-0 kg. per 
annum, but, as can be seen, the variations around this 
average are very considerable. 

Geographic factors influencing demand 

The concept of a market demand implies a market 
area within which this demand exists. If the preference 
of the inhabitants of a definable area are appreciably 
different from those in another area, or if the distribu- 
tion systems in one area differ from those in another to 
such an extent that effective demand is appreciably 
affected, then it is of little practical value to consider 
these two areas as forming one market. 

Information is most readily available on a country-by- 
country basis. But market areas for fish are not always 
most clearly defined by national boundaries. Nor do 
between-country differences in European per capita 
consumption levels truly reflect the relative preferences 
for fish. Rather different geographical breakdowns 



would be needed to distinguish the different markets for 
various kinds of fish and fish products in Europe (6). 

For example, statistics show that Italy is the principal 
European market for stockfish. But most stockfish are 
sold in Venice and the surrounding districts, and in 
Sicily and Naples (7). There also tend to be two separate 
markets for salted cod; one in the industrial north for 
the heavily salted fish; the other in the agricultural 
south for the lightly salted hard dried fish (8). Similar 
differences are to be found in other countries (9). 

The OEEC study, referred to earlier, pointed out that 
generally "fish consumption in coastal areas is several 
times higher than that in inland areas, particularly in 
continental Europe; thus in France annual fish consump- 
tion in many inland areas is below 1 kilo per inhabitant 
(the national average was 1 1 -9 kilos product weight in 
1958) and it is estimated that one third of the French 
population never eat fish. In Germany some years ago, 
fish consumption in a northern coastal area was found 
to be 33 kilos per head as against 4 kilos in an inland 
district. In the Mediterranean countries, particularly 
Turkey, such differences are often pronounced" (10). 
Many people might consider that these illustrations 
themselves show very pronounced differences. Equally 
striking differences are to be found in other countries. 

Co-existent with such regional differences are dif- 
ferences between urban and rural areas. A survey in the 
Federal Republic of Germany revealed that in places 
with less than 500 inhabitants, consumption per capita 
(in the mid-1950\s) was 8-11 kg., whereas in places with 
more than 100,000 inhabitants it was 14-28 kg. (11). 

Such differences come about, at least in part, because of 
quality factors. In cities, the quality of fresh and lightly- 
cured fish is better, and prices are lower. In the more 
thinly populated country districts, distribution diffi- 
culties mean poorer quality and higher costs. 

Originally, the lack of a quick means of transport 
prevented distribution from the fishing ports to inland 
areas. Railway development and the ubiquitous internal 
combustion engine have greatly diminished this problem. 
Wide differences between consumption levels still exist; 
these differences are due more to the lack of distribution 
outlets for fish in rural and semi-rural areas. 

The demand for different products 

The various basic concepts developed by economists to 
reduce the analysis of demand to a logical discipline are 
in their pure forms valid only on certain rather theoretical 
conditions. One of these, important in the present con- 
text, is that the supply of the commodity in question be 
homogeneous. It is patently obvious that this assump- 
tion is not satisfied in the case of fish. Fish is a con- 
venient generic term, but covers a range of commodities 
and products which are as heterogeneous to the econo- 
mist as they are to the biologist. To the economist this 
heterogeneity is seen not only in the variety of species but 
also in the form of processing and in the freshness, size, 
and other factors which determine the quality of the 



388 



The Demand for Fish 



product to the consumer. The characteristics of demand 
can differ very considerably from one product-group to 
another. 

The make-up of fish consumption has been changing 
in many European countries. In general, there has been 
a decline in the demand for salted and dried products 
and for cheaper fresh fish in the northern European 
countries. Meanwhile, the demand for better quality 
fresh and cured fish and the more expensive processed 
fish has increased. In Spain, Portugal, and southern 
European countries, on the other hand, per capita 
consumption of salted fish has risen appreciably over the 
last decade (12). 

These trends partly result from the fact that various 
European countries are at different stages of economic 
development. The trend towards higher consumption of 
better quality fish in higher income countries reflects the 
increasing income levels. The same is seen in the trend 
towards consumption of more costly processed fish. The 
latter development has also been facilitated by the techni- 
cal break-through in quick-freezing. In the less developed 
countries in southern Europe, fish consumption levels 
have been influenced by the circumstance that food- 
stuffs are generally scarcer than in higher income 
countries; this produces a more direct relation between 
increase in income and increase in quantity consumed. 

Price and income 

As already mentioned, the effective demand for a 
product at any point in time is a function, inter alia, of 
its market price and the prices of substitute commodities. 
The degree of response which demand exhibits to 
changes in the price of a commodity reflects the intensity 
of the desire by consumers for it, and the existence of 
close substitutes. The demand for basic necessities of 
life tends to be inelastic, and that for luxuries elastic. 
What constitutes a necessity or a luxury, however, is 
essentially something that consumers (not, say, physiolo- 
gists) decide, although within any one society or class 
there tends to be fairly general agreement on what is a 
luxury item and what is a basic necessity. 

From monthly data covering the period 1954-57, 
J. A. C. Brown found that the own-price elasticity of 
demand for fresh and cured fish in Great Britain was 
1-15 (13). This means, for example, that a 1 per cent 
increase in the price of fish would tend to produce a 
decrease in demand of 1 15 per cent. 

The analysis by Brown illustrates the necessity of 
breaking down the demand into groups of products 
which are more alike in character. The own-price 
elasticity of fresh white fish, for example, was found to 
be 2-04, whereas that for cured fat fish was only 0-58. 
This finding confirms what would be expected on a priori 
grounds. Cured fat fish is relatively cheap compared with 
substitute commodities; and the products themselves 
are sufficiently distinctive in the minds of consumers 
that the elasticity of substitution between them and other 
foodstuffs is in any case relatively low. Fresh white fish, 



on the other hand, is more expensive and is a much 
closer substitute for meat. For both these reasons the 
own-price elasticity of demand tends to be higher for 
fresh than for cured fish. Appendix II gives the own-price 
demand co-efficients from a similar study covering the 
period 1954-59. 

Meats are generally considered the nearest substitutes 
for fish, so that, if the price of meat rises relative to that of 
fish, there will tend to be some substitution of fish for 
meat. Econometric studies providing data on the elas- 
ticity of substitution, or cross-price elasticity of demand, 
are not as common as those of own-price elasticity. For 
the United Kingdom, however, R. Stone, using annual 
data relating to 1920-38, obtained a co-efficient (between 
the price of carcass meat and fresh and cured fish) of 
0*85, indicating that a 1 per cent increase in the price of 
meat would ceteris paribus cause the demand for fish to 
rise by 0-85 per cent. 

In general, both these own-price and price substitution 
co-efficients are relatively high. This suggests that 
effective demand could be increased or decreased 
appreciably by varying the average level of fish prices 
relative to incomes (or prices in general) and also by 
varying them relative to those of meat. These findings 
are only valid, however, over the range of prices which 
were realized during the period covered. They would not 
hold over an unlimited range either upwards or down- 
wards. 

The effects of changes in income levels on demand and 
expenditure are considered next. Income-demand 
(quantity) co-efficients show how the demand for a 
commodity tends to change with changing per capita 
income, while income-expenditure co-efficients show the 
relationship between income and expenditure on a per 
capita basis. To simplify matters, goods are often placed 
into two groups: those for which the demand (or ex- 
penditure on) increases with income, and those for which 
it decreases with income. The latter arc termed 
"inferior", in that demand or expenditure is transferred 
from them to other goods as the standard of living 
increases. The division is rather arbitrary, however. 
Products which are loosely termed "luxuries** are 
characterized by high positive elasticity, "inferior" 
products negative elasticity; all other goods range in 
between. 

There is a growing body of data on income-demand 
and income-expenditure relationships in different 
countries. From general observations one would expect 
that, for many commodities, expenditure co-efficient in 
the higher income countries will be higher than the 
demand co-efficient, since the trend in consumption tends 
to be towards better quality and service rather than 
simply increased quantity. The difference between the two 
co-efficients might be called the income-quality demand 
co-efficient. 

The FAO Secretariat has summarized the findings of 
50 national surveys of household consumption patterns 
of the main farm products and, by comparative analysis, 



389 



Fish in Nutrition: As Human Food 



has been able to arrive at further generalizations of 
income-demand and income-expenditure relationships. 
As fish occupies a relatively minor rdlc in the consump- 
tion patterns of most countries, it is not always included 
in studies of the demand for foodstuffs, or is included 
only together with meat. Nevertheless, in the FAO 
study separate data on fish consumption were included 
for 20 countries. 

From these surveys, it was found that the co-efficient 
of the elasticity of expenditure with respect to income 
varied generally between 0-5 and 1 -0. The elasticity was 
below 0-5 in the Netherlands (0-37) and in the United 
Kingdom (0-38) among European countries as well as in 
the United States (0-27), Puerto Rico (0-20) and Panama 
(0-17). Demand elasticities were computed in fewer 
instances, but, as could be expected, these were lower, 
ranging from 0-0-0-66 (14). 

The above co-efficients must be interpreted with 
caution, since they refer to all types and forms in which 
fish is consumed. Between these, the elasticity can vary 
considerably within a country. The average co-efficients, 
therefore, will only be valid through time, if at all, if the 
relative availability of the various types and forms 
continues unchanged. The variation in co-efficients 
between types can be seen from the case of Great Britain. 
The average expenditure co-efficient was 0-38, but the 
National Food Survey Committee data from which this 
estimate was made show that the co-efficients of the main 
types and forms varied from 0-18 to -)- 1 -18, which by 
any standard is considerable (15). The composition of 
the average, in fact, shows some interesting features. 
Fresh white fish is an important component at all in- 
come levels. On the average, it accounts for roughly 
half of the total fish consumption per head. This co- 
efficient (0-36), therefore, although slightly below the 
average for fish as a whole, greatly influences the latter. 
Processed white fish, on the other hand, had a co- 
efficient much above average (0-64), though that for 
processed fat fish was much lower (0-31). The co- 
efficient for fresh fat fish other than herring was almost 
unity (0-99), while that for fresh herring was particularly 
low (0-07). The co-efficient for shellfish was the highest 
of all (1-18), and that for cooked fish fried fish from 
the fish and chip shops was particularly low at 0-18. 
The latter was the only negative elasticity, indicating an 
"inferior" good. The co-efficient indicates that a 10 per 
cent rise in income per head tends to be associated with 
a decrease in expenditure on cooked fish of 1 -8 per cent. 

In a more recent study by the National Food Survey 
Committee relating to 1958, the income-demand as well 
as the income-expenditure elasticities were calculated 
(see Appendix III). Comparison shows the extent to 
which the former lie below the latter. While there is a 
fairly close correspondence between the 1955 and 1958 
results, some of the absolute differences are quite large. 
It is clear, therefore, that too much importance should 
not be attached to the co-efficients of narrow groups 
derived from any particular study. 



The national average elasticity co-efficients (and the 
more detailed ones for Great Britain) correspond to the 
average total expenditure of the populations to which 
the surveys apply. The fact that they are simply constants 
leaves open the question of whether the elasticity may 
vary at very different levels of real income. A means of 
exploring this possibility is to compare the size of the 
co-efficients in countries with different income levels. 
In the FAO study referred to, it was found that the 
elasticity of expenditure decreased with the level of in- 
come in the case of some products, particularly meat, 
milk, eggs, sugar products, cereal products and starchy 
roots. 

The data on fish showed that there did not seem to be 
any close negative correlation between the value of the 
elasticity co-efficient and the standard of living. This is 
perhaps not altogether surprising and helps illustrate the 
limitations of this type of study. In making such com- 
parisons, there is the implied assumption that what is 
seen to occur between countries with different levels of 
real income per head gives a guide to what can be ex- 
pected within any country through time as income per 
head rises. Fish is a good example of how this approach 
can run into difficulties. Ways of life differ enormously 
between countries; so does the availability of various 
foodstuffs. International comparisons are only likely to 
produce meaningful results for commodities basic to all 
the respective countries and, more particularly, only 
when they relate to populations having the same ways of 
life, similar general preference systems, and similar 
relative scarcities of commodities, or similar factors of 
production needed to produce these commodities. 

These conditions are far from satisfied in the case of 
fish. Tastes are not "God given" but, in part, tend to 
be handed down from generation to generation. They 
are closely related to the availability of the various 
commodities over the long term past. 

The considerable variations in the ease of access to 
good sources of supply offish have produced considerable 
differences in the preference for fish. The economic 
difficulties of distributing to inland areas have produced 
similar differences. It cannot be expected, therefore, 
that this kind of international comparison will produce 
valid or meaningful results for fisheries. 

Although international statistical comparisons do 
not show it, it would seem reasonable to expect that the 
income-expenditure elasticity for fish will tend to decline 
in any country, as real income per head increases. The 
elasticity of demand for food in general is likely to decline, 
if only because the capacity of the human stomach is 
limited. It might be expected that the elasticity for fish 
will tend to follow the general pattern. Tending to main- 
tain the expenditure co-efficient will be the trend towards 
higher quality, including increased processing and addi- 
tional services on the distribution side. The trend 
towards quick-frozen consumer packs of fish is an 
example of this. This subject is, however, somewhat 
abstract and its analysis inconclusive. The realized 
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changes in these co-efficients over any very long period 
of time (and it is only over the very long period that 
changes in the co-efficient resulting from income changes 
can be material) will be determined largely by the in- 
ventive genius of those who engage in the development 
of new ways of processing and marketing commodities. 
This is a field where it would seem particularly dangerous 
to assume that past trends will continue into the long 
term future for any specific commodity. 

This danger is much increased by the fact that, as 
mentioned, these co-efficients are derived from budget 
study data of a cross section of the population at a point 
in time. They are, therefore, static co-efficients. Their 
practical value lies in the extent to which they provide a 
clue on what to expect through time, which is essentially 
a dynamic setting. To say that fish expenditure per head 
increases with real income in the ratio of, say, 38 : 100 
at a point in time does not mean that, when average real 
income per head has increased by 10 per cent, average 
expenditure per head will have increased by 3-8 per cent. 

Relation of supply availability to demand 

In economically developed countries, it is sometimes 
remarked, fishing is the last pursuit where man continues 
to hunt for food on any large scale. The fact that supplies 
offish are obtained in this manner and that, once caught, 
fish is highly perishable, has several adverse consequences 
on demand. Four of these may be considered, viz: 
(a) changes in the fishing regions; (b) seasonality of 
supply; (c) daily fluctuation in price; and (d) uncertainty 
regarding quality. 

(a) Changes in Fishing Regions. As the population of 
Europe has increased, it has become necessary to obtain 
increased supplies from more distant fishing grounds, 
particularly in Arctic waters. In many southern Euro- 
pean countries, where hard-cured fish has long been 
widely consumed, this trend has not had a very great 
impact on demand. But in the more northerly countries, 
where such cures are not generally acceptable, it means 
that the quality of the fish has tended to decline. This has 
occurred despite faster vessels with improved holding 
facilities. The vessels fishing in Arctic waters are away 
from port for between 2 and 3 weeks each trip, and it has 
been estimated that at least half of the fish brought from 
distant-water grounds is more than 2 weeks old when 
landed (16). 

Scientific investigations in different countries have 
shown that "even when the utmost care is taken in 
handling, and the fish is perfectly treated and kept at C, 
commercially important species of white fish, such as 
cod and haddock, cannot be kept for more than 12-14 
days before putrefaction sets in". It is obvious, therefore, 
that generally the quality of this distant water fish will be 
lower than that landed by the inshore fleets (17). 

Moreover, the greater part of the catch from these 
grounds is of less valued fish, particularly cod. It would 
seem that such fish must form the bulk of any increased 



supplies of white fish in Europe. This is one of the most 
important factors preventing fish consumption from 
rising in many countries. For, while the demand for the 
more esteemed varieties of fish halibut, sole, hake, 
plaice, etc. is strong, and the price relatively high, the 
large supplies of cod (and herring) have pushed down 
prices to the extent that in more and more European 
countries fisheries are not economic and have to be 
subsidized in one form or another. 

(b) Seasonal Fluctuations of Supply. Due partly to the 
movements of fish populations, and partly to the depen- 
dence of fishing vessels on favourable weather conditions 
for maximum productivity, the supply of fish is subject 
to seasonal fluctuations. For any country, the seasonality 
of a particular species can far exceed that of fish in total, 
which again illustrates the danger of over-simplifying the 
analysis of the demand for fish by assuming "all fish to be 
much the same". Whereas the limit of consumption of 
cod at economic prices has been reached in a number 
of countries, the annual consumption of a number of 
other varieties would certainly be higher in Europe if 
supplies could be sustained over the year instead of being 
restricted to only certain seasons. 

Even for the common varieties, supply is not geared to 
demand in the most economical manner. Whereas 
demand in most countries tends to be higher in winter 
than in summer, supply does not vary to the same extent. 
The consequence is that prices are higher in winter than 
in summer. Moreover, due to the longer average trip 
time of the distant water vessels in winter, quality is 
generally poorer at that time of the year. 

In short, while nature has given us a bounteous harvest 
in the sea, the production and supply of sea fish cannot 
be adapted to demand in the manner which would maxi- 
mize consumption. 

(c) Daily Fluctuation in Price. A consequence of the 
uncertainty inherent in fish production methods and the 
variations in catching is that supply fluctuates very 
considerably around the average on any given week-day; 
and these unpredictable fluctuations in supply produce 
serious disadvantages to the consumer where fresh and 
lightly cured fish are concerned. In the extreme case it 
can mean that the housewife (representing the typical 
buyer at retail level) cannot obtain the variety of her 
choice just when desired, or cannot do so at the price 
she is prepared to pay. Where the distribution network 
is well developed, so that retailers can directly or in- 
directly draw on supplies from several ports, these 
variations will tend to be less than where supplies are 
limited to, say, one port. Such fluctuations are never 
entirely obviated, however. 

The fluctuations in supply produce day-to-day 
fluctuations in wholesale and retail prices except in 
completely controlled conditions. The price mechanism 
is simply a method of distributing the current supply to 
those would-be purchasers who are able and willing to 
pay the current price. Because of the fluctuations in 
supply relative to demand, however, prices fluctuate 
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from day to day. This frustrates the housewife almost 
as much as the variations in supply. 

(d) Poor Quality. The poor quality of some fish, and 
all fish in some areas, as already mentioned, inhibits 
demand. A related factor, but one which probably 
restricts demand in virtually all areas where fresh fish 
is marketed, is the uncertainty in the housewives' minds 
regarding the quality of the fish offered. This uncertainty 
is related to variability in quality, which is partly a 
consequence of the way supplies of fish are obtained. 
This factor is, of course, not peculiar to fish, but can be of 
particular significance in relation to this commodity and 
may be an important repressing influence on consump- 
tion. 

In a consumer survey carried out in Great Britain (18), 
for example, roughly half the respondents agreed with the 
statement that "one always has the suspicion that fish 
might not be quite as fresh as it ought to be". A similar 
proportion agreed with the statement that "there is no 
guarantee of freshness". Roughly half these respon- 
dents considered this latter point to be a serious dis- 
advantage of fish. It might be pointed out that, if this 
attitude towards fish is widespread, but does not apply to 
other foodstuffs, this will repress the demand for fish and 
favour other foodstuffs, whether or not the same in- 
different and variable quality occurs in the supplies of 
the latter. It is the different attitudes that count in 
demand. 

Canning, bottling, quick freezing, salting and drying, 
by reducing the rate of deterioration of fish, can help 
control the quality of the product during distribution to 
the consumer. Except for quick freezing, these processes, 
however, also change to varying extents the flavour of 
the fish. This is not necessarily to the detriment of fish 
demand as a whole. Smoke curing, for example, which 
began as a means of preserving fish and allowing 
extended distribution is, in Great Britain at least, now 
largely undertaken because there is a demand for fish in 
this form; dyes are even used in the trade to give fish the 
appearance of having been well smoked when it is not. 
The other processes can similarly increase fish demand, 
since they increase the diversity of fishery products and 
hence variety in diets. Although beneficial in this way, 
therefore, these processes do not afford means of im- 
proving or standardizing the quality of fresh fish when it 
reaches the consumer. The growth of quick freezing has 
materially changed the position, however, although sales 
in consumer packs, as yet, form a relatively minor part 
of total fresh fish sales. If quick freezing at sea continues 
to develop, however, this could have revolutionary 
effects on the average quality of "fresh" fish reaching the 
consumer from distant water grounds in the Arctic and 
from the African coasts. 

Another development which may prove important in 
this respect is the use of antibiotics. When added to the 
ice, the rate of deterioration of fresh fish is markedly 
reduced. This could prove the means of materially 
improving and controlling the quality of fresh fish. As 



yet, this method would seem to be largely in the develop- 
ment stage; and in the United Kingdom the use of anti- 
biotics for this purpose is prohibited by law. 

Institutional factors and tastes 

There are several important demand determinants, 
whose impact on consumption is extremely difficult to 
quantify. The following may be mentioned : availability 
of retail fish outlets and of transport facilities, standards 
of hygiene in distribution, consumer tastes and habits, 
and sales promotion. These factors have one element in 
common: changes are effected only slowly through time. 
In econometric analyses based on time series, changes in 
these factors may be allowed for by a catch-all residual 
trend variable. Where a strong trend of this character 
remains after allowing for the effects of income and 
prices, this technique is extremely valuable. For example, 
given such trends, any projections based on income and 
price co-efficients alone would produce rather spurious 
results. 

In the study by Stone referred to earlier, it was found 
that, after allowing for income and price changes and 
substitution effects, there was a residual downward trend 
of roughly 2 per cent per year. This much outweighs the 
increase in demand which it was estimated would follow 
from the rising level of income per head. 

The income elasticity co-efficient used in this case was 
calculated from budget study data, and therefore is 
subject to the same limitations as explained earlier. For 
this reason, the trend factor might be considered to 
illustrate, not the changes in tastes of the population 
under consideration, but rather the fact that it is false to 
assume the preferences of individuals at one position on 
the income scale to be the same as those of individuals at, 
say, a higher position on that scale; and, hence, that the 
individuals in the former group will, ceteris paribus* 
reveal the same preferences as the latter group when, at a 
later date, they enjoy the income that the higher group 
then enjoyed. Or, in other words, that it is false to assume 
that preferences do not differ radically between income 
groups at any point in time. 

Ignoring this point, the residual trend co-efficient not 
only contains the effects of changes in tastes, but also 
those of any other factors not taken into account in the 
analysis. The trend co-efficient, therefore, is the net 
effect on demand of an unknown number of influences. 
Without information on the factors producing this 
trend it is difficult to know how stable it is likely to be. 

It is natural to assume that changes in consumer tastes 
are the principal causes of these trends, but institutional 
factors can also be important. Moreover, tastes can 
change for different reasons and, in particular, such 
changes can be induced by sales promotion techniques. 

The lack of retail outlets for fish has already been 
mentioned in connection with the differences between 
urban and rural consumption levels. The OEEC survey 
referred to earlier makes repeated references to this 
point (19). In the Federal Republic of Germany, for 
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example, it has been found that towns of less than 10,000 
inhabitants, which account for 40 per cent of the total 
population, have proved too small to support even one 
specialist retail fish shop (20). The extent to which the 
lack of specialist outlets prevents demand from becoming 
effective depends, of course, on the particular preferences 
of individuals; by and large, only fresh and lightly cured 
fish tend to be sold through specialist outlets. Canned 
and bottled fish is retailed normally through grocers; and 
in countries where hard cured fish is enjoyed it, too, is 
retailed through these channels. 

As far as fresh fish is concerned, however, the lack of 
outlets can be, and is, a serious handicap to consumption, 
and it is difficult to see how this can be overcome. In 
some countries mobile shops have been encouraged but, 
in the main, thinly populated areas are poorly served with 
fresh fish. 

The development of quick freezing is proving beneficial 
in this respect. While it may be argued that quick 
frozen fish is not fresh, quick freezing changes the taste of 
the product much less than any other means of preserva- 
tion; and fish preserved in this way can taste much more 
like fresh fish than stale "fresh" fish. In Great Britain, 
surveys have shown that the consumption of quick frozen 
fish is relatively high in areas where, previously, other 
fish consumption was low, due to distribution difficulties. 
The same trends are evident on the continent of Europe. 

Quick frozen fish is relatively expensive to produce and 
distribute. In particular, it requires a "cold chain" 
through which it can be distributed. As it is impracticable 
in any country to set up such a chain for fish alone, the 
development of fish consumption of this type must 
await the general development of quick frozen food 
sales. Such sales are increasing rapidly in high income 
countries, but in others it seems unlikely that develop- 
ment along these lines would be economic under present 
circumstances. 

A factor which undoubtedly depresses demand, yet 
which is largely in the hands of the fish trades themselves, 
is the standard of hygiene practised by distributors of 
fresh and cured fish. At the large ports, for example, the 
practice of laying out fish for auction can be very detri- 
mental to quality. 

Similarly, standards of hygiene in retailing frequently 
leave much to be desired. Fish is still retailed by hawkers 
in some areas and they seldom have the means of main- 
taining the products in good condition. In non-mobile 
establishments the use of cooled slabs and cabinets is 
increasing in many countries, but all too often the retailer 
displays his fish in the traditional manner on stone 
slabs in the open shop front. Such a display can be very 
appealing to the eye, but the summer heat, dirt and flies 
quickly reduce the products to a much less-appealing 
condition by the time they are eaten. 

In most areas of Europe the transport of fresh fish, as 
such, does not seem to present great problems, although 
in some countries the quality does surfer appreciably 
during transit (21 ). The carriage of fresh fish is, of course, 



very exacting on transporters. Fresh fish cannot be 
loaded indiscriminately with other goods, and speed and 
punctuality are essential. For these reasons, some 
shortcomings in transport facilities to areas of low 
consumption would seem inevitable. Unless those living 
in these areas are prepared to pay a much higher price 
for their fish, however, or unless official assistance is 
given, it is difficult to see how the situation can be altered. 

Consumer tastes and habits in fish, as in other food- 
stuffs, have changed over the years more and more 
towards "ready-to-cook" and "ready-to-eat" products. 
Whereas at one time consumers generally preferred 
fresh fish "on the bone", over the last few decades the 
trend has been more and more towards fillets. Canning 
and bottling allowed much wider distribution offish; 
and as the fish was, and still is, mainly in a ready-to-eat 
form, this gave it a special appeal to housewives. More 
recently the development of quick frozen pre-cooked 
fish has proved to have the same appeal. 

The final determinant which will be considered 
sales promotion can also be, as is well known, one of 
the most potent influences on demand. While not unique 
in this respect, fish has been handicapped by the difficulty 
in branding fresh fish. Since most advertising is done by 
the producers of products, the inability of fresh fish 
producers to brand their products has meant that there 
has been no simple means of offering counter-induce- 
ments to other products. 

In most countries sales promotion has been undertaken 
in one or more of its forms including consumer educa- 
tion campaigns (22). Collective advertising of "fish" has 
been carried out in certain countries either by the 
industry or by official agencies. The key to successful 
advertising, however, is control over the quality of the 
product. With fish this has not been done on an industry 
basis. The development of quick freezing will again 
help in this respect, since the products can be branded 
and the name advertised. It is unlikely, however, that 
any very effective means will be found to brand and 
advertise fresh fish; and it is fresh fish which will form 
the mainstay of demand in most countries for many 
years to come. 

What the industry can do to increase demand 

To help to even out the supply of fish through time, 
port wholesalers (and, to a lesser extent, retailers) vary 
their carry-over stocks according to their knowledge and 
expectation of supplies the following day. This is not 
practised in all countries, but varies according to the 
climate and the facilities possessed by the sellers. In 
Greece and Italy, for example, where retailers' premises 
are frequently relatively primitive, and where often no 
means are used for preserving quality, such holding- 
over is not possible. In the more northerly ports of 
Europe, however, the practice is more common (23), On 
the price side, distributors, particularly retailers, do not 
necessarily work to a fixed profit margin. Instead, they 
raise and lower selling prices less than in proportion to 
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their buying prices, in an effort to reduce price fluctua- 
tions. The variations are further reduced by the fact that 
certain distribution costs, for example, transport and 
boxing, do not vary with the price of the product. 

The amplitude of the fluctuations in supply passing into 
consumption, and in selling prices at all stages of distri- 
bution, is reduced by the imposition of minimum selling 
prices at first-hand sales. These minima may be fixed by 
the fishermen or their appointed salesmen or, in some 
cases, for example in Norway, by official agencies. 
These minima provide a price floor. The overall net 
advantages or disadvantages of this practice are not 
relevant here. What is relevant is that this form of regula- 
tion prevents prices from reaching very low levels. At 
least in the short run, this keeps prices higher than they 
would otherwise be and prevents some supplies from 
reaching the consumer in times of glut. 

In some countries (for example Portugal) prices are 
constrained in an upward direction by the use of maxi- 
mum selling prices. In general, however, the difficulty of 
administering such a policy makes it uncommon. 

It can be seen, therefore, that in many cases the house- 
wife is protected in different ways from the worst of the 
fluctuations in supply and price; but in the case of 
minimum price fixing, only at the cost of not being able 
to buy particularly cheap fish during periods of heavy 
landings. Moreover, in Great Britain, a country where 
such practices can and do impart considerable price 
stability at the point of retail sale, it was found, from the 
consumer survey previously referred to, that fluctuations 
in retail prices were still an important factor operating 
against the greater consumption of fish (24). Roughly 
three-quarters of the respondents agreed that "the price 
offish is always changing"; and half of these considered 
this to be a serious, or quite serious, disadvantage of 
fish. This latter proportion was highest among the lower 
income groups and amongst those unfavourably disposed 
to fish. 

The trend in other food trades is towards improved 
grading to reduce quality variability and thus to give the 
purchaser greater confidence in the particular product in 
question. To a limited extent this has occurred in the 
fish trades; but to prevent the position from becoming 
increasingly unfavourable through time, it seems very 
desirable that greater emphasis be placed on this point. 
Once sellers have improved grading to the point where 
consumers feel that they do "know what they are buying", 
demand can be strengthened, and sales stimulated, by 
branding. Branding, like all advertising, however, is 
useless, and may even be detrimental to sales, unless 
quality can be controlled within limits acceptable to the 
consumer. 

In most European countries, official or unofficial 
measures of some form are taken to regulate quality. 
Frequently these take the form of official inspections of 
the fish when it is landed to see whether it is fit for human 
consumption. Unfortunately, objective tests of quality 
which can quickly determine the state of the fish are not 



as yet available; and when vessels are away from port for 
a considerable number of days, the variations in the 
quality of the fish landed by the same vessel can be so 
great that sample inspection is not appropriate. More- 
over, tests carried out on landing, while valuable, are 
far from adequate to control the quality when it reaches 
the consumer. Their purpose is usually to determine 
whether the fish, at that time, is fit for human consump- 
tion. Inspection at the inland wholesale and retail 
markets goes a little farther towards the ultimate 
objective; but there can still be a considerable difference 
between fish which is fit for human consumption and 
good quality fresh or cured fish. 

There is much that could be done to improve quality 
by raising standards of hygiene in distribution. Fish 
consumption is not likely to increase appreciably if the 
quality is variable and, not infrequently, poor. The in- 
herent characteristics of fish and the nature of its supply 
make quality control difficult; but the fish trades should 
do everything economically possible within their control 
to see that quality does not suffer more than is inevitable. 

In comparison with many other foodstuffs, especially 
meat, fish consumption has probably been adversely 
affected by the lack of development in the canning of the 
important species of white fish. An acceptable canned 
product amongst the more common varieties of white 
fish could probably do much to raise consumption. The 
development of quick-frozen pre-cooked fish will help to 
stimulate, or at least to maintain, the demand for white 
fish. But the inability of the catching industry to obtain 
appreciably increased supplies of the more esteemed 
varieties, particularly flat fish, is likely to restrict the 
increase in consumption of fish in general. As income 
levels increase, consumers will tend to look for better 
quality foodstuffs. If these are not forthcoming, more 
and more of the increase in total consumption of, and 
expenditure on, food will go to close substitutes for fish. 

In the southern European countries, however, where 
standards of living generally are lower, and where hard- 
cured fish, more particularly cod, enjoys a relatively high 
consumer preference, one would not expect this restric- 
tion to have as much force. 

Conclusions and outlook 

From this brief review of fish consumption trends and 
determinants, it would seem that nothing dramatic can 
be expected to happen over the foreseeable future. The 
income elasticities of demand suggest that a relatively high 
positive relationship exists in most countries. On the 
other hand, over the past decade, aggregate consump- 
tion has only managed to keep pace with the growth in 
population; although, as the years from the end of World 
War II to the early 1950's were affected by the disloca- 
tions of the war, too much weight should not be attached 
to comparisons with those years. To some extent the 
lack of growth in consumption per capita could have 
been due to an adverse trend in fish prices relative to 
meat, but insufficient data are available to check this 
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point. It would seem probable, however, that, on the 
basis of income elasticities computed from cross section 
or budget study data, one should allow for a residual 
downward trend in demand per capita. 

In contrast to most other foodstuffs, the supply of 
fish is contingent upon the ability of the fishing fleets to 
locate and catch the fish in their natural locations. This 
results in appreciable unforeseeable fluctuations in supply, 
price and quality; and demand is probably adversely 
affected by these. The diminishing returns from in- 
creased fishing in waters surrounding Europe has neces- 
sitated increased effort in the more distant waters. The 
greater part of the catch from these grounds, however, is 
of the common varieties of white fish. The demand for 
such fish cannot be stimulated appreciably by price 
reductions since, generally, such fishing is, at current 
prices, only marginally economic. The relatively high 
price elasticities of demand which appear to exist, there- 
fore, are unlikely to be influential in increasing con- 
sumption in the future. 

Although the effects cannot be quantified, it would 
seem reasonable to suppose that demand would be 
appreciably stimulated if distribution facilities for fresh 
and cured fish could be improved in the more thinly 
populated areas, and if the standards of hygiene were 
raised in the trade generally. The potentiality of stimu- 
lating demand through canning and bottling pre-cooked 
fish of the common varieties of white fish has not been 
realized to date. Consumption has probably been ad- 
versely affected by counter-attractions of this kind found 
in other foodstuffs, as it has by the inability to brand 
fresh fish products to help stimulate demand or even 
counter the effects of advertising of substitute products. 

The development of quick-freezing has undoubtedly 
opened up new avenues in this respect, and could do 
much in the long run to overcome problems of distribu- 
tion and sales promotion. For some considerable time, 
however, such fish is only likely to be consumed on any 
large scale in the higher income countries. 

In conclusion, therefore, it may be said that there is no 
reason to expect important changes in the overall trend 
in the consumption of fishery products. The relatively 
high income elasticities give grounds for believing that 
consumption levels will tend to increase with income, 
although such co-efficients by themselves probably 
over-state the case. On past showing, it would seem 
prudent to expect little change. While demand could be 
expected to respond significantly to price reductions and 
to improvements in distribution facilities and trade 
practices, and in more forceful sales promotion, it would 
seem unlikely that the current situation will change 
rapidly in the future. 

PART IH. THE DEMAND FOR FISH IN 
NORTH AMERICA 

Both in Canada and in the United States, fish con- 
sumption is relatively low compared with many countries 



of Western Europe and Japan, for instance (25). The 
United States covers a third of its market requirements 
by imports. Canada, however, produces enough fish to 
be able to export approximately two-thirds of its catches 
(two-thirds of exports being destined for United States 
markets). Canada thus ranks with the leading fish 
exporting countries of the world, together with Norway, 
Japan and Peru. 

In recent years, utilization of catches for human 
consumption has not kept pace with population growth 
in the United States. Even when measured in absolute 
figures there has been a decline. At the same time, 
utilization of catches for industrial purposes has been 
steadily increasing, up to a point where today the 
quantities used in animal feeding and in the manufacture 
of industrial products are similar to those used in supply- 
ing the market for human consumption (26). This 
strong emphasis on industrial fish catches is considered 
rather exceptional for a fully-developed country (27). 
No one explanation can account for the overall trends in 
food and industrial fish utilization. The reasons usually 
cited differ from fishery to fishery, and include a wide 
variety of natural factors (changes in water temperature, 
in ocean currents, diminution of food in the sea, over- 
fishing, pollution, etc.), of economic and social factors 
(changes in costs, in trade policies, recruitment problems, 
etc.), and of technological factors (obsolescence, develop- 
ment of innovations, etc.). 

On a per capita basis, consumption has remained 
fairly constant over the years, both in the United States 
and Canada. Gaps in United States requirements have 
been made up by imports. During the war, scarcities in 
supplies of competitive foods spurred consumption of 
some fishery products (although restrictions on the use of 
packaging materials drastically curtailed sales of some 
other, notably canned, products). These conditions are 
said to have affected consumer habits beyond the war- 
time emergency period. 

Minor fluctuations in per capita consumption levels 
since the end of the war seem to have been attributable 
to changes in the price relationship between fish and 
competitive products, particularly meat, but were not 
indicative of any basic trend. Distinct changes in trends 
can be discerned in the composition of per capita con- 
sumption by form and type of product. These trend 
changes will be discussed in a later section. 

The competitive relation of fishery to other animal protein 
foods 

Food items compete with one another. They compete 
on a nutritional basis. But, more than this, they com- 
pete also in terms of a variety of other criteria, such as 
the time needed for the preparation, suitability for use in 
certain dishes, position in the menu in general, etc. 

"The fact that different foods, such as beans, cheese, 
eggs and fish, are equivalent sources of protein", in the 
words of one authority in the field of demand analysis, 
"does not necessarily lead to economic competition 
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among the foods. To the extent that custom and time 
needed for preparation made eggs a breakfast and meat 
a dinner item, the two compete very little" (28). 

Fish competes with meat and other animal protein 
products and, to a lesser extent perhaps, with other food 
products also. There is competition, furthermore, 
between fresh and frozen and otherwise processed 
products; between different species offish; and between 
differently packaged and prepared fishery products. 
Competition is affected by regional, cultural, economic, 
technological, and a host of other factors. In this 
section, only the general relationship between fish and 
other food products is considered. 

Cassady concludes, on the basis of a comparison of 
per capita consumption rates, that the United States is 
essentially a meat-consuming country (29). On the 
average, the consumer eats about 15 times as much meat 
a year as fish. Since meat, in turn, represents only 10 
per cent of the total annual food intake, fish cannot be 
considered a very important component of the diet. 

Trends in per capita consumption rates of fish and of 
its closest substitutes (which include chicken, eggs, and 
cheese in addition to meat) show a significant increase in 
the consumption of chicken and eggs since before the 
war, and a more modest increase for meat in the post- 
war years (30). Fish consumption, in contrast, as 
already pointed out, has not changed materially over 
the years. 

Canadian per capita consumption data show very 
similar trends. Using the 10-year period from 1947 to 
1957 for illustration purposes, one finds, for instance, 
that average consumption of red meats increased by 
10 Ibs., and that of poultry by 20 Ibs., while fish consump- 
tion remained fairly stable. 

Compared with annual per capita consumption 
figures, data obtained in connection with household 
surveys represent only a part of the picture. They are 
based on sample interviews. They relate as carried 
out in the United States and Canada to a selected 
1-week period only, and do not by definition include 
institutional consumption. The data collected in con- 
sumption surveys, however, permit an analysis by 
income class, geographic region, size of household, and 
provide particulars, in addition to quantities consumed, 
on dollar expenditures and on percentage of usage. In 
the United States, surveys of average weekly household 
consumption were carried out in 1948 and 1955; in 
Canada, in 1953, 1955 and 1957. 

The United States' surveys confirm that fish is not 
improving its position with respect to meat and poultry. 
Whereas the percentage of households using poultry 
increased from 35-2 to 47-9 from 1948 to 1955, there was 
virtually no change in the usage rate (56-6) for fish. 
Further, in 1955 weekly consumption of meat and 
poultry was 11-9 and 36-1 per cent, respectively, above 
1948 levels, while the quantity of fish eaten showed a 
small decline of 1-1 per cent (31). 

In terms of dollar expenditures, however, the difference 



in trend over the same period between fish and its closest 
competitors is less pronounced. Measured against 
total food expenditures there were declines in the pro- 
portions spent on meat as well as on fish, although the 
absolute expenditure on each increased slightly. Both the 
absolute, and the proportion of total, expenditure on 
poultry increased, however (31). 

The Canadian data (based on surveys in 5 cities) also 
confirm that fish has been losing ground in that country, 
again relative to poultry, in particular. In 1957, thus, 
expenditures for fish were only 58 per cent of those for 
poultry as against 1953 when this percentage was as 
high as 72. Average weekly family expenditures for meat 
were approximately 10 times as large as those for fish. 
Measured against this total food budget, the expenditures 
for fish represented only a modest 2 per cent portion (32). 

To make the comparisons complete, similar data for 
institutional consumption are needed, particularly for 
consumption in public eating places. Food consumption 
outside the home has been on the increase in North 
America in the postwar years. It is known that markets 
for fish as well as for meat and poultry have benefited 
from the expansion of the restaurant business. In the 
absence of statistics comparable to those available on 
household consumption, relative progress made cannot 
be documented. In terms of total sales for consumption, 
fish and shellfish meals served in public eating places 
were estimated to have amounted to about one-fourth of 
total fishery products marketed in the United States 
(33). 

The big increase in the consumption of poultry 
products in North America has been said to reflect 
substantially lower prices relative to livestock products 
as a whole, as well as relative to all farm products. 
Cross-price elasticities of demand for fish with respect to 
other products have been computed for a number of 
species and at a number of different time periods. The 
studies bear out that prices of fish relative to those of 
competing products have a close inverse relation to 
consumption. The evidence suggests, though, that the 
relationship is closer for some species or products than 
for others and that fish consumption will tend to be more 
substantially affected by a drop than by an increase in 
prices of competing products. 

Summarizing results of studies carried out by himself 
and by other experts, Crutchfield concludes as follows: 

"In the case of halibut, the correlation between a 
weighted average of prices paid producers of meat 
animals with Seattle prices for halibut ex-vessel is quite 
apparent, since strict regulation of the total catch after 
1933 reduced short-run variations to very low levels. 
The relationship between mean prices and total landed 
value of the halibut catch is, of course, even closer. In 
the case of salmon, supplies of which were moderately 
expansible (during the period covered) the relationship 
is less clear, but a comparison of troll landings with 
year-to-year meat-salmon price relatives shows the antici- 
pated inverse correlation. Herrington and White drew 
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similar conclusions from comparisons of price relatives 
for cod and haddock to meat with landings of these 
species in New England ports. 

The influence of meat prices is much less evident in the 
case of trawl-caught fish and the miscellaneous minor 
species which are closely competitive in the regional 
(i.e. Pacific Coast) market. To a large degree this may be 
attributed to the swamping effect on prices and output 
of the notable technological changes in the fishery. In 
addition, the somewhat divergent movements of salmon 
and halibut prices to those of the cheaper species sug- 
gest that market averages of items at the opposite ends of 
the chains of imperfectly substitutable fishery products is 
far from uniform with respect to both geographic 
inclusiveness and classes of purchasers. Changes in 
meat prices are probably transmitted to demand for 
lower-priced species indirectly via their effects on prices 
and output of the more desirable fish, and with some 
degree of dilution" (34). 

Commenting on the results of the Canadian surveys 
of food expenditures of urban families, Frick concludes 
as follows on cross-elasticity: 

"There is no evidence of a significant degree of cross- 
elasticity of demand for fish in terms of the price of beef 
or pork, since apparently there was little substitution of 
fish for either when their prices were high. Such an 
effect could have been masked, of course, if fish were 
purchased instead of beef in one period and instead of 
pork in another as their prices moved in inverse direc- 
tions - with the annual level of fish consumption re- 
maining more or less constant. Any substitution effect 
must have been small, however, because the total per 
capita domestic disappearance of fish was small" (35). 

A clue that price elasticity and the substitution effect 
are different for different price ranges comes from a 
study of the marketing of fresh fish in three selected 
markets in the United States carried out a few years ago. 
Commenting on conditions in the Cincinnati market, a 
buyer for a large grocery chain expressed the view that 
the demand for fish was highly elastic above a certain 
price, but below this price or narrow range of prices 
became highly inelastic: "The critical point beyond 
which demand . . . was influenced by price varied. It was 
related to the price of meat, particularly poultry, but was 
also related to non-meat items such as macaroni products 
which tended to have prices which were more stable than 
meat prices" (36). 

The demand for different forms of fish products 

Although overall per capita consumption of fish has 
remained quite stable, there have been very distinct 
trends in North American markets for different forms of 
fish products. In particular, there has been a modest 
decline in the consumption of canned products, and a 
more pronounced falling off in the relative consumption 
of cured products. These declines, however, have been 
compensated by increased consumption of fresh and 
frozen products. 



As far as the group aggregate for fresh and frozen 
products is concerned, statistics are difficult to break 
down into the two components. Among other reasons, 
this is because considerable quantities of frozen fish are 
thawed and kept on ice in retail establishments and sold 
as "fresh fish". Cassady speaks of a tremendous shift 
in consumer demand away from fresh fish and toward 
packaged quick-frozen fish in certain areas in the United 
States since the end of the 1930's. This trend, he con- 
cludes, has contributed both to a reduction of outlets 
handling fresh fish and to the substitution of low-cost for 
high-cost distribution methods (37). 

The important role of processing, in general, in the 
utilization of catches in North America (almost two-thirds 
of total production are sold in other than fresh form) is 
explained by the seasonality of the fisheries. Nearly 
three-fourths of total catches, thus, are taken in the sec- 
ond and third quarters of the year (38). 

Trends in the consumption of different products are 
not necessarily related to competitive factors. In many 
instances, they are traceable to changes in consumer 
habits and preferences and to other determinants. 
Absence of a competitive relationship between canned, 
and fresh and frozen, fishery products in the United 
States was clearly demonstrated, for example, in a study 
of the market for canned fish completed a few years ago. 
A higher percentage of canned fish actually was bought 
by users of fresh and frozen fish than by non-users of the 
latter products (39). Since the canned fish products 
which are most popular in North American markets are 
prepared from species not sold in appreciable quantities 
in fresh or frozen form, the lack of competition should 
not come as a surprise. 

Expansion of the market for frozen fish is related to 
the remarkable development of the frozen food industry 
in general during and after the war. Technological and 
economic factors, primarily, are cited in explanation of 
the decline in salting and other curing methods. Develop- 
ment of technically satisfactory and economic methods 
of refrigeration, thus, has made possible the substitu- 
tion of freezing for other forms of preservation, and higher 
incomes have brought more expensively processed 
products within the reach of the pocket of additional 
consumers. 

The geographic pattern of consumption 

Differences in the geographic distribution of popula- 
tion within a country have an important bearing on 
markets for fishery products. Borgstrom mentions in 
this connection that in the United States a larger pro- 
portion of the total population resides in coastal areas 
than in other countries of the West, e.g. those of Western 
Europe and the Soviet Union (40). Even in the United 
States, however, in spite of excellent communications, 
ample availability of cold storage, and a high degree of 
mobility of the population, there are still significantly 
fewer fish eaters in inland areas than there are in coastal 
areas. 
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Statistical proof is provided by the 1955 weekly house- 
hold consumption survey previously cited. Results show 
that the proportions of total households which used fish 
and shellfish products in the survey week were signifi- 
cantly lower in the South and in the North Central 
regions than in the West and in the Northeast, which 
have long coastlines. The former proportions were 
48-7 per cent and 49*5 per cent, respectively, whereas in 
the latter regions they were, respectively, 60-6 per cent 
and 70-9 per cent (31). 

Income and other factors, however, tend to obscure 
geographic patterns. Consumption is known to be 
relatively high in some inland markets in the South where 
cheap fish supplies constitute an important component 
in the diet of low-income families. The 1955 survey 
shows in this connection that average weekly household 
consumption is higher in the South and the Northeast 
than in the other two regions. The expenditure data, 
though, indicate that the fish and shellfish purchased in 
the Northeast are high-priced, while the South relies on 
low-priced products. 

What is already apparent, with respect to market 
geography, from the data for all fish, is even more clearly 
in evidence when markets for different types of products 
are considered. 

The acceptance of frozen fish, for instance, as Cassady 
points out, has been far from uniform in all parts of the 
United States. The popularity of the product in this form 
appears to be greater in relatively low fish-consumption 
(i.e. inland) areas than in high-consumption (coastal) 
areas. 

The demand in the South for inexpensive non-perish- 
able products which are easy to transport and store, to 
cite another example, has favoured distribution of certain 
canned products, e.g. the cheaper varieties of canned 
salmon and canned pilchards. 

Other geographic patterns recognizable from studies 
carried out show differences in consumption rates 
between communities with different population densities 
and between urban and rural areas, in general. Consump- 
tion of canned products in the United States, for instance, 
has been found to be greater in metropolitan than in non- 
metropolitan areas and greater in large cities than else- 
where (41). As far as consumption in urban and rural 
areas is concerned, both the percentage of households 
using fish and shellfish, and average weekly expenditures 
on these products, are greater in cities than in rural farm 
communities. Consumption in physical terms on the 
farm, when all sources, including fish produced on the 
farm, are considered, however, actually exceeds that in 
the city (31). 

MacKenzie attributes the difference in the consump- 
tion pattern between urban and rural areas to the fact 
that distributive channels run through urban centres, 
and that a large proportion of the total consumption of 
fishery products takes place in public eating places and 
in institutions (hospitals, prisons, etc.) located in cities 
(42). 



The demand for different species of fish and shellfish 

Harden Taylor, in the general discussion of the eco- 
nomics of fisheries included in his book on the Marine 
Fisheries of North Carolina, expresses the view that: 
**. . . there are few fishes which have no equally acceptable 
substitute in the market; rather, the totality of most 
kinds of finfish collectively presses against the total 
market demand for any kind of fish. . . . 

The economically important matter is the quantity and 
value of the total yield of the fisheries, regionally and 
nationally . . . the yield of the sea fisheries as a whole or 
of any considerable region has not only been sustained, 
but has generally increased with increasing human 
populations" (43). 

A time series on the composition of United States 
catches (see Appendix IV for catch data for selected 
species) would seem to bear out Taylor's contention that, 
in the long run, substitution is no problem. Fish and 
shellfish which only half a century ago were virtually 
unknown to the consumer on the North American 
continent, e.g. tuna and shrimp, rank today first in 
importance. On the other hand, other species such as 
oysters and cod, at one time leading in market popularity, 
have lost considerable ground over the years. 

Nevertheless, market substitution of one species of 
variety of fish for another is not automatic in the short 
run, at least not in North America. In contrasting the 
North American to the Japanese market for fish, Her- 
rington, thus, at the recently held FAO Expert Meeting 
on the Economic Effects of Fishery Regulation (44), 
emphasized that the North American market accepted 
only selected species and sizes, whereas in Japan pre- 
ference for fish was so pronounced, the consumer was 
ready to "absorb practically all varieties and sizes". A 
background paper on the regulation of the Japanese 
trawl fisheries prepared for the above meeting lent 
support to this (45). It reported that the Japanese fleet 
was able to shift without concern for market im- 
plications to production of "low-grade" species, when 
catches of "high-grade" species declined (croaker, and 
snapper, respectively, according to the Japanese expert 
who attended the meeting). 

Taylor makes a clear distinction between fishery 
products in the luxury class which are not substitutable 
by similar products and others which are not sui generis 
and can be readily replaced by other products. Demand 
elasticities, both with respect to price and income, are 
higher for luxury items, such as most shellfish and certain 
forms of finfish used as expensive appetizers, than for 
the bulk of common finfishes. There are a few differences 
or price classes, he says, based on size and fat content but 
generally consumers can distinguish but poorly between 
the various species of finfish (46). 

The views of Taylor and Herrington can be recon- 
ciled when it is realized that the former thinks of sub- 
stitution in the long run and the latter of substitution in 
the short run. 

More or less direct substitution of one species or 
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Figure I 
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product for another, available evidence suggests, has 
taken place in a number of markets. Notably, canned 
tuna has made gains against canned salmon, and haddock 
and ocean perch against cod in the ground-fish market. 
The change in the salmon-tuna relationship over the 
years in the United States market (see Fig. 1) has been 
related to diminished salmon runs, greater promotional 
efforts by the tuna industry, and a very significant reversal 
of the price-relationship between the two products (47). 

The gains made by other groundfish species at the 
expense of cod have been explained by the association of 
cod, in the mind of the consumer, with salted products 
which, with the development of freezing, have generally 
declined in the market. Also, with the spread of filleting, 
haddock and other species proved to be better suited to 
plant operations and this factor, too, is said to have 
affected the market for cod. 

In Canada, cod has still another competitor in the 
market, aside from the above-mentioned species. The 
intensity of the halibut fishery, thus, it has been found, 
appears to be directly related to the ratio of halibut to 
cod prices. 

Turning now to the luxury items, what are some of the 
factors accounting for the varied fortunes of some species 
which, in Taylor's words, are sui generis! Rising in- 
comes undoubtedly are, to a large extent, responsible for 
the growing share of shellfish and molluscs in the total 
consumption of fishery products in North America (in 
the United States, they represent as much as 40 per cent 
of catches). Why, however, did the market for oysters 
shrink so greatly, while shrimp gained to the extent that 
the fishery today is the most valuable one in the United 
States? 

Woodward blames the decline in the oyster industry 
partly on high cost production due to the inability of the 
fishery to mechanize operations. He also blames pre- 
occupation with production problems, with a consequent 
neglect of promotional efforts (the latter attributable also 
to the individualistic character of oyster packing stand- 
ing in the way of concerted sales promotion); a typhoid 
scare in the 1920\s; a growing popularity of other 
"snack items" prepared from meat products; and 
competition from shrimp, crabmeat, and lobster. He 
adds that the above-cited factors, including those related 
to production problems, may not only have reduced the 
crop directly but that, as a result of lessened "market 
exposure" of oysters, they may also have had a funda- 
mental influence on consumer habits, this being an 
example where demand may have been directly affected 
by supply availability (48). 

The success story of shrimp is explained by Woodward, 
aside from the close parallel of rising demand to rising 
consumer incomes, by social and institutional changes 
which have greatly increased consumption outside the 
home (49) and to improvements in technology which 
have made high quality fresh or frozen shrimp widely 
available in consumer markets. 

Shrimp is said to owe its popularity also to the fact that 



it can be served in a variety of dishes, ranging from 
appetizer, soup, and salad to entrte. A good flavour, 
convenient packaging, and promotional efforts stressing 
the high nutritive value of shrimp are also cited as 
factors encouraging consumption (50), 

Consumer characteristics influencing demand 

The basic unit in the analysis of consumer demand is 
the individual consumer or, at most, the individual 
family, household, or spending unit. Each family has 
certain characteristics which are important in relation to 
its expenditure pattern and to its food habits and 
preferences. 

Consumer characteristics are associated with national 
origin, race, religion, income, financial commitments, 
and initial patterns of expenditures; number of persons 
in the family, their ages and sex; occupation, age, and 
education of the household head and the homemaker, 
and outside employment of the latter. 

Two large-scale consumer expenditure surveys under- 
taken in the 1950's in the United States (51) both con- 
cluded that there was a high degree of uniformity in 
spending habits in the large class of middle-income 
families which extended to practically everything 
families bought except food. 

In the kitchen, traditional habits apparently carry 
considerable weight; the desire to "keep up with the 
Joneses" is less compelling than in other phases of daily 
life in the United States. MacKenzie finds "the fish- 
eating segment of the population in North America is 
composed largely of (a) European settlers of the first 
generation and their immediate descendants, (b) migrants 
from the Atlantic States and provinces and from other 
coastal or lakeshore areas, and (c) certain other groups 
perhaps, with an acquired taste for fish as a food. Between 
75 and 90 per cent of consumer-respondents in surveys 
report having been served fish in childhood. The implica- 
tion is that, like food preferences in general, those for 
fish tend to follow habitual patterns. Evidently, also, 
impulse buying plays an insignificant role in family 
expenditure on fish products" (52). 

Other peculiar aspects of demand revealed by consumer 
surveys are that religious observance has an important 
influence on fish consumption. Consumption in areas 
with large Roman Catholic populations tends to be above 
average during Lent and on Fridays. Jewish people 
have a traditional preference for fresh-water fish. Other 
groups, in part at least for economic reasons (e.g. Negroes 
in low-income areas, as already pointed out) consume 
relatively large quantities of fish. The same surveys, 
however, provide an indication now and then that 
traditional group patterns tend to disappear in the 
melting pot of North America and, more generally, that 
preferences change over time. 

To cite an example from the previously referred to 
survey of canned fish and shellfish preferences, home- 
makers in the younger age group are primarily respon- 
sible for the growth in canned tuna sales, whereas 
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canned salmon is still favoured by the older generation 
(53). 

The younger consumer, too, places greater emphasis 
on ease in preparation and convenience in shopping, 
handling in the home and serving. Increased employ- 
ment of the homemaker outside the home, the general 
tendency to mechanize household operations, have 
fostered the expansion of filleting, the introduction of 
pre-cooked products in the market, the preparation of 
packaged seafood dinners, etc. 

High quality and regularity of supplies in the market 
are other requirements increasingly stressed by consumers 
contacted in consumer preference surveys. 

To a large extent, the high premium placed on con- 
venience and quality reflects the postwar improvement 
in incomes. To summarize the findings of various 
studies, rising incomes have produced a shift to high- 
value species, have spurred sales of more expensively 
processed and packaged products, and encouraged 
provision of additional marketing services and, in 
particular, brought about an increase in restaurant 
consumption of fish. Rising incomes, at the same time, 
appear to be pushing some inferior products with 
negative income elasticity out of the market. 

Clues on the income elasticity of expenditures for fish 
in the United States once more come from the 1948 and 
1955 household consumption surveys. Appendix V 
shows that in 1955 average weekly household expendi- 
tures for high unit value shellfish were over four times as 
large for consumers with incomes of SI 0,000 and over as 
for consumers in the $1,000-$ 1,999 income class. 
Average expenditures for fish, in contrast, were only 
two and a half times as large. The difference in the 
demand for fish and shellfish, respectively, by different 
income classes is even more clearly shown when the 
comparison is made in physical terms. In 1955, thus, 
households in the highest income class bought over 
three and a half times as much shellfish in a week than 
those in the lowest income class. Average purchases of 
fish of high income households, on the other hand, were 
actually smaller than those of the households at the 
bottom of the scale. Income elasticity of expenditure for 
canned tuna was substantially greater than for canned 
salmon, the same tabulation reveals. 

Comparing the results of the 1948 and 1955 surveys 
(see Appendix VI) one finds, thus, as far as fish is con- 
cerned, that there was comparatively little change in 
elasticity, as measured by weekly household expenditures. 
On the other other hand, shellfish which virtually were 
not bought at all by the low-income consumer in 1948 
did become a component of his diet by 1955, expenditures 
in the latter year not differing substantially from those for 
canned salmon or canned tuna (see Appendix V). The 
data for shellfish also demonstrate that income elasticity 
of expenditure has a tendency to decrease, with income 
levels in the period from 1948 to 1955 having risen both 
in absolute and in real terms (in 1948 the ratio of average 
household expenditures on shellfish in the highest in- 



come class to those in the lowest income class was nearly 
8 times as large as in 1955). 

The future demand for fishery products 

The total demand for fishery products for human 
consumption in North America will be a function, in the 
first place, of population growth. While population is the 
only determinant about which it is safe to predict in what 
direction it will influence demand, techniques for reliable 
population forecasts have not yet been developed. This 
is because nobody has been able as yet to devise a satis- 
factory theory explaining population growth in low-food- 
drain countries, such as most countries of the West are. 
In high-food-drain countries, in contrast, it has been 
pointed out, the Ricardo-Malthus-Mill theory is still of 
relevance (54). 

As far as North America is concerned, raising the 
population scare does not make much sense, as Schultz 
points out, since it is fallacious to relate the food supply 
on the continent to the population of the world as a 
whole. In selection and construction of relevant aggre- 
gates for future needs, the "separation of the food of one 
population from the food of another is a fundamental 
consideration" (55). Under the circumstances, no con- 
vincing case in favour of an expansion of fisheries in the 
interest of developing food supplies for increased 
population on the continent can be made, at least not as 
far as the next few decades are concerned. 

Only to maintain present per capita consumption 
rates the United States, however, will have to increase in 
all probability both domestic production and imports. 
With population by 1975, according to one projection, 
estimated to exceed 230 million, fish and shellfish 
supplies will have to be at least 1 -3 billion pounds larger 
to meet consumer requirements. In his message on 
national resources to Congress on 23 February, 1961, 
President Kennedy actually put additional fish and 
shellfish requirements for the year 1980 considerably 
higher, viz. at 3 billion pounds. The latter figure, however, 
was meant to include needs for industrial purposes. 

Per capita consumption may, of course, change in the 
Jong run, making necessary a revision of total supply 
needs. This may come about partly as the result of a 
change in size of what MacKenzie calls the "fish-eating 
segment of the population", and partly as the result of a 
change in the average amount of fish eaten by those who 
belong to this segment. 

In the long run the demand for fish is considerably 
more elastic than in the short run, the experts agree. 
Primarily, this is because in time consumer habits and 
preferences can be influenced by purposive action of the 
trade. Conversely, if promotion is neglected, competitive 
products are likely to reap the benefits of market ex- 
pansion. Borgstrom, in this connection, cites statistics 
relating to the year 1957, which appear to indicate that 
seafood promotion in the United States is small com- 
pared to sales efforts in other sectors of the food field 
(56). To be successful, promotional activities must, of 
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course, take into account existing trends in consumer 
habits and preferences, in incomes, and in the distribu- 
tion and composition of the population. 

In general, such factors as a continued shift of popula- 
tion to the West coast (consumption on the coast still 
being larger than inland), an increase in the proportion 
of young people (more aware of nutritional factors, as a 
rule, than older people), increased employment of home- 
makers (with many fishery products well adaptable to 
processing and preparation for ready consumption) a 
continued upward trend in incomes, may all contribute 
toward raising per capita consumption. 

It has been demonstrated that fish has a number of 
close substitutes in the North American market. Thus, to 
add a word of caution, prices of fish relative to prices 
of these products must not be allowed to get out of line, 
if consumption is not to be adversely affected. In this 
connection, Cassady points out there is reasonable 
ground for hypothesizing "that if prices changed in the 
United States to favour meat as compared with fish . . . 
there would be a strong tendency toward increased meat 
consumption at the expense of fish, other things being 
equal. However, assuming our hypothesis is correct, the 
tendency would not be nearly as strong if price changes 
favoured fish as compared with meat . . ." (57). 

Relative prices are determined to a large extent by 
costs of production in the various fisheries, by trade 
policies, and by the character of the internal organization 
of the industry. Public action shapes trade policies, and 
internal organization can only be affected by concerted 
industry action or by the Government, e.g. through 
anti-trust procedures. Action on costs, on the other 
hand, can be taken by the individual member of the 
industry, although supply elasticities in the individual 
fisheries will influence average levels of costs. 

In this connection, reviewing underlying trends in 
consumption and production of Canada in the recent 
past, MacKenzie finds that at present the products of the 
fisheries fall into three broad classes (58): 

(A) Products with static declining demand, 
(1) cured fish; 

(B) Products with growing demand and (relatively) 
inelastic supply, 

(1) fresh and frozen dressed fish, 

(i) lobster, 

(ii) salmon and halibut, 
(iii) major freshwater species; 

(2) canned salmon; 

(C) Products with growing demand and elastic supply, 

(1) fresh and frozen fillets of ground fish, 

(2) canned herring. 

MacKenzie mentions, in addition, unexploited or 
lightly exploited resources (e.g. Pacific saury and Atlantic 
mackerel), for which no significant demand exists at the 
present time. 

He concludes that, as far as the Canadian fisheries are 
concerned, demand for all of the products, except perhaps 



cured codfish and one or two other products, may be 
expected to increase. This means that prices of the 
products listed under (B) will, in all probability, continue 
to rise, a factor that should not be forgotten in evaluating 
market prospects. 

Development of new industrial uses for fishery 
products may, of course, wean supplies away from human 
consumption. As long as supply gaps can be readily 
made up by imports from abroad, though, there appears 
to be little danger that the consumer on the North 
American continent will be forced to curtail his consump- 
tion of fish and shellfish, because domestic fisheries are 
not in a position to meet his needs. 

On the other hand, as pointed out by Anderson (59), 
a drastic upward change in per capita consumption rates 
of fishery products within the next few decades does not 
appear to be in the offing. 

PART IV. THE DEMAND FOR FISH IN 
DEVELOPING COUNTRIES 

Average daily consumption of animal protein ranges 
from 8-15 g. in developing countries as against 42-70 g. 
in industrialized countries. These statistics illustrate in 
part how far behind the former countries are in meeting 
the dietary requirements of their populations. 

With the emphasis on urgent social needs rather than 
on individual desires and preferences, comparatively 
little has been done to date in developing countries in 
exploring the nature of the demand for fishery products. 
Fishery programs have been dominated for many years 
by the effort to increase production in accordance with 
certain nutritional targets. Recently, however, it has been 
increasingly recognized that, if development is to take 
place on a balanced basis, efforts in the production field 
must be paralleled by action in the sphere of marketing. 

Specifically, these efforts must be directed toward 
improving the distribution system and toward mobilizing 
demand through appropriate educational measures. 

After the products have been brought to the local 
market, and the public has been introduced to them 
through promotional campaigns, success in reaching 
established targets will still remain partial until con- 
sumers have sufficient income to be able to buy them. 
Improvement in purchasing power, however, depends 
on the rate of general economic development and is a 
matter of the long run. 

A high priority has been given to means of increasing 
the availability of fishery products in the market. For 
this purpose, roads are required and appropriate means 
of transport, storage, and distribution have to be acquired 
or built, and an efficient marketing organization created. 

In the field of consumer education, the first step is to 
familiarize potential buyers with fishery products. In the 
long run, the program must aim toward breaking down 
patterns which discourage consumption offish and which 
may be traceable to national traditions or religious 
taboos. 



402 



The Demand for Fish 



Efforts along these lines have been initiated in most 
developing countries. To date they have been successful 
in varying degree, depending on the scope of programs, 
skill of direction provided, and the extent of co-opera- 
tion given by the people themselves. 

Systematic surveys of demand conditions in develop- 
ing countries have been undertaken only in rare in- 
stances. Observations on factors influencing the market 
for fishery products, however, have been included in a 
good many of the reports on FAO technical assistance 
assignments. These reports, therefore, present interesting 
clues on what factors appear to be hampering the ex- 
pansion of the market for fishery products and on what 
positive action can be taken to overcome these obstacles. 
Relevant excerpts are summarized in the following 
sections. 

Availability and other factors related to market supplies 

Lack of supplies, that is continuous supplies, in the 
market is a much more important determinant of 
demand in developing countries than in industrialized 
countries, and has seriously impeded the formation of 
fish-eating habits. 

The reasons why the populations of developing 
countries do not find their markets adequately supplied 
with fishery products run the entire gamut of factors 
from catching, transport, storage, processing, and 
distributing operations to ultimate sale. They relate 
not only to adequacy of facilities and efficiency of 
methods, but also to institutional aspects such as the 
organization of marketing. 

Discussion of technological factors affecting supply 
availability is outside the realm of this paper. Lack of 
facilities, suffice it to say, is frequently related to eco- 
nomics. Construction of roads and provision of trans- 
port and storage facilities exclusively to serve fisheries 
can rarely be justified in terms of net economic benefits. 
This is partly because of the small volume and value of 
the products involved, partly because of the nature of 
some markets, where (as in Libya and in other Near 
Eastern countries, for instance) low population density 
contributes toward making distribution costs excessively 
high. 

Climatic conditions, too, make it necessary to use 
facilities, methods, and processes which do not provide 
for utilization along lines which are most advantageous 
from an economic standpoint. 

In a surprising number of instances, defects in the 
marketing structure are the major bottleneck in distribu- 
tion. Inefficiency in the organizational set-up and 
collusion among marketing agents are frequently 
responsible for withholding supplies from the market 
and for raising prices to levels which curtail consumer 
purchases. In some instances (again Libya can be cited 
as an example) collusion starts at the fishermen's level. 
Lack of supplies at the markets in the principal popula- 
tion centres of the country at certain times has been 



related to the practice of the fishermen to restrict their 
fishing to a level which ensures high prices. 

In India and other countries of the Far East, similar 
restrictive practices are encountered in the marketing 
sector, i.e. under the widely prevalent middlemen system. 
This system tends to maintain fish supplies at artificially 
low levels in the interest of reduced risks and high 
profit margins. It owes its continued existence, in part, 
to the fact that middlemen provide certain facilities and 
services (in the form of transport, equipment and 
financial aid) to the fishermen; the latter, in the face of 
adverse climatic, geographic, and social conditions, are 
unable to provide these for themselves. 

In Africa, control of retailing by the "mammies", the 
market women, each of whom handles the catch of one 
boat only, has made retailing very costly. The volume 
handled is small and the overhead, consequently, rather 
high. Attempts to institute market reforms have, in 
many instances, been thwarted through concerted action 
by the market women. Thus in Stanleyville, the buying 
public has been persuaded to boycott newly established 
Government-supervised shops. In Sierra Leone, pressure 
on the authorities has resulted in a legal injunction 
against direct selling by fishermen. 

The ability on the part of the market women to persist 
in simultaneously maintaining technically poor methods 
of trading, small individual turnovers, and relatively high 
incomes can be traced, according to one expert, to the 
fact that the women are selling the product of fishermen 
who have extremely weak bargaining power, and to the 
additional circumstance that there is no substantial 
competitive pressure from other foodstuffs which might 
depress the margins they realize. 

One more example from tropical Africa may be cited 
to demonstrate how traditions, by now extinct, have 
created an extremely complicated and inefficient market- 
ing apparatus. In the Republic of Mali, fish goes 
through the hands of a chain of middlemen (called 
"coaxers") who enter into the picture at various stages 
of processing, handling, retailing, etc. The system goes 
back to old taboos under which families or chiefs and 
warriors were forbidden from engaging in commercial 
activities. Such activities were, consequently, entrusted 
to special agents, the "coaxers". While the taboos no 
longer exist today, the system survives and perpetuates 
uneconomic operations in the trade. 

The quality of market supplies has a bearing on the 
demand for fish in developing countries as it has in 
industrialized countries. However, concepts of quality 
frequently are materially different. African buyers of fish 
in some areas, thus, are reported to be relatively little 
concerned about insect infestation and actually prefer 
tastes and flavours which would be considered unaccept- 
able in most developed countries. Where the African, 
however, is in closer contact with Europeans, such as in 
the larger cities, a higher-quality product will frequently 
be demanded. This may be a consequence, in part, of 
the higher incomes which are earned in these areas. 
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Related to the quality problem are certain institutional 
factors such as unsatisfactory hygienic conditions in 
retail establishments, unattractive display of products, 
bad merchandizing, etc. These factors have been found 
to be detrimental to sales of fishery products in urban 
centres in such countries as Brazil and India, where more 
advanced types of facilities exist. 

Price and income factors 

High prices of fishery products frequently are men- 
tioned as the principal reason for discouraging consump- 
tion of fishery products in developing countries. It is 
true that prices often are actually higher than they would 
be if market competition were given free rein and if 
standards of efficiency were on a more elevated plane. 
Perhaps equally often, however, complaints about high 
prices merely reflect a lack of purchasing power which 
prevents consumers from enriching their diets with the 
addition of more expensive animal protein products. 
From a nutritional standpoint, the most tragic fact is 
that those whose diets are the poorest arc often those 
least able to afford to buy fish and other animal protein 
products. 

Available statistics bearing on the relationship of 
expenditure to income arc too scanty to warrant detailed 
analysis. Crutchfield, however, in the course of a survey 
in Uganda a few years ago, was able to review results of 
two studies relating to unskilled African workers in the 
Kampala district carried out by the East African Statisti- 
cal Department in 1953 and 1957. The data indicate that 
expenditures for fish rose steadily through the range of 
incomes covered, both in absolute terms, and as percent- 
ages of total food expenditures. Purchases of meat, in 
contrast, tended to taper off at the upper limit of the 
range. Crutchfield cautions that the effect of a general 
increase in all incomes may be different from an increase 
in the income of one spending unit relative to others in a 
given distribution. Also, the study he cites covers only 
a certain group of employed workers. Nevertheless, he 
feels that the results provide some support for the 
conclusion that per capita fish consumption will respond 
positively and strongly to long-run increases in real 
incomes (60). 

Because of differences in dietary habits, Crutchfield 
says, the competitive relationships between fish and other 
foods differ from those in developed economies. All food 
products, thus, are substitutable for fish (and meat) to a 
much greater degree than in developed countries. The 
high sensitivity of demand to income is accentuated by 
the ease with which basic staples (Crutchfield mentions 
bananas, maize and cassava) can be grown, and by the 
lack of knowledge about the effects of protein deficiency. 

In Uganda, to illustrate how patterns differ from those 
in Europe and North America, poultry and eggs are 
relatively unimportant in total consumption, and only a 
portion of the amount consumed actually enters market- 
ing channels. The principal competitive protein foods are 
beef and goat meat and, to a lesser extent, ground-nuts. 



"From the standpoint offish marketing", according to 
Crutchfield, "it is evident that the availability and prices 
of meat exert much less influence on the demand for fish 
than in most Western economies. Meat constitutes a 
relatively smaller and much more stable element in the 
food supply of Uganda, and the consumer taste for fish is 
much stronger. Variations in income are a far more 
important determinant of demand for both fish and 
meat than changes in their relative prices." 

In some other developing countries, demand conditions 
appear to differ considerably from those found in Uganda. 
For instance, a recent survey shows that Moroccans, 
especially those in the lower income classes, prefer to 
buy, for a given amount of money, a reduced ration of 
meat rather than a full ration of fish. Elsewhere in the 
Near East, factors other than preferences also appear to 
enter the picture. In Libya, for instance, meat has an 
advantage in the market, insofar as cattle can be trans- 
ported on the hoof; the distribution of fish to widely- 
dispersed communities, under prevailing climatic condi- 
tions, on the other hand, is costly, and presents special 
technical problems. 

Consumer habits and preferences 

The consensus of experts trying to evaluate the relative 
importance of various demand determinants for fishery 
products in developing countries is that availability and 
price and income factors have been of considerably 
greater importance to date than consumer habits and 
preferences, and relationships to competitive food pro- 
ducts. This is in spite of the great emphasis that is given 
to taboos, and similar restrictions on consumption, 
found in the literature. 

Statistical confirmation, of course, is difficult to obtain. 
For one thing, statistical services are frequently still in 
their infancy in developing countries. Furthermore, 
however, even if data collection were on a more advanced 
scale, obtaining a reasonable approximation of consump- 
tion levels would still be hampered by the circumstance 
that in many areas the fishermen themselves consume an 
appreciable portion of their catches, and customarily 
dispose of most of the remainder by barter. 

Consumption of fish in developing countries, of 
course, could be expected to expand substantially if 
people not used to eating fish (because of unfamiliarity 
with the products, ignorance of their nutritional value, 
or because consumption is subject to a taboo) were to 
acquire the habit of including fishery products in their 
diets. Rigid preferences for certain species and certain 
forms, with discrimination, at the same time, against 
other species and other forms, too, it should be added, 
have had a depressing effect on levels of demand. 

Taboos related to fish consumption are known to exist 
in most parts of the world. Generally they are not wide- 
spread; sometimes they are related to religious obser- 
vance. They are found most frequently among groups 
somewhat remote from centres of civilization, and show 
a tendency to disappear upon increased contact with more 
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advanced communities. They also tend to vanish when 
fish is available on a continuous basis, and where 
superstitions, consequently, are less likely to survive. 
Among the taboos which have been noted by technical 
assistance experts are the following: 

The Chinese population of Malaya rejects talang, 
"queen fish", because this fish has five dots on each side 
which are believed to be the finger marks of Buddha. 
Vegetarianism in India, too, is related to religious 
factors. 

In other countries, taboos are frequently connected 
with health superstitions. In Africa, thus, some tribal 
taboos are related to fears that fish will cause abortion 
and sterility among women. Some species, the Africans 
believe, will cause skin diseases. For the same reason, 
many Indians in Malaya reject shellfish. 

Tilapia in some areas of southeast Asia is not fed to 
hogs, to cite another "fish superstition", because it has 
a dark skin. Farmers operating fish ponds are afraid 
that, if hogs were fed tilapia, their flesh would tend to 
become dark, and would be discounted in the market. 

Appearance will influence consumption also in other 
ways. In Syria, for example, catfish cannot be sold in the 
round as are other fish, because buyers are repelled by the 
ugliness of the head of the species (on the other hand, 
the intestines are as a rule left in the fish, since there is a 
general belief that gutted fish is not fresh). 

Doubts about quality also affect the consumption of 
frozen fish. These appear to be, in some instances at 
least, based on unfavourable personal experiences 
dating back to the time when the quality of the first 
frozen products introduced in the market was relatively 
poor. African consumers in Uganda, it is reported, are 
unwilling to buy frozen fish, even when fresh fish are 
scarce and of dubious quality. The usual explanations 
offered are, in the first place, that only "bad" fish are 
frozen; secondly, that frozen fish spoil very quickly; and 
thirdly, that the African buyer does not like "hard" fish, 
since he cannot judge its quality in the familiar way. 

Certain characteristic food habits appear to have their 
origin in notions about nutritional needs. In Malaya, for 
example, salt fish is given to young mothers for several 
months after delivery. 

A preference for salt fish exists in many of the countries 
with a humid tropical climate, where perspiration losses 
make additional salt intake necessary. Salted, dried 
fish products, for example, are used widely throughout 
southeast Asia, e.g. in Thailand, where this industry has 
a tradition of long standing. "Nam pla", a fermented 
fish sauce which is practically saturated with salt, is one 
of the most universally used food ingredients in the 
country. 

In other countries with similar climatic conditions, 
however, non-salted fish is preferred, and salt fish may 
even be rejected outright. Thus in Ghana, in Nigeria, 
and among the Bantu in the Congo, there is virtually no 
demand for salt fish, and it is often difficult to make 
consumers accept an even slightly salted product. 



Smoked fish is highly popular almost everywhere in 
Africa, and will command premium prices; even though 
products, because of the use of unsatisfactory processing 
techniques, are often of inferior quality. 

Strong flavours are frequently preferred. Strongly- 
flavoured dried fish is often used to make less tasty food 
more palatable. The demand for it, therefore, one 
expert concludes, is not likely to be transferred to fresh, 
frozen, or canned fish, as the supplies of the latter will 
increase. 

Other preferences encountered in developing countries 
relate to size, fat content, texture, and other physical 
characteristics of the fish. While large fish are generally 
preferred to small fish, and consequently fetch better 
prices in the market, small fish are better liked in Indo- 
nesia and are popular also in Malaya. The entire fish, as 
a rule, is eaten. Jn Tunisia, the Government is trying to 
encourage consumption of small fish. The policy, 
however, is dictated by the nature of the resources 
exploited, in which small fish predominate. 

Fatty fish (for example, catfish) are highly appreciated 
throughout Africa, whereas bony fish, in many in- 
stances, are rejected. 

The Chinese population of Malaya is said to prefer 
scaly fish, although almost all types and varieties of fish 
are accepted. 

In many countries, seafish are liked better than sweet- 
water fish. The reverse is true in other countries (e.g. in 
the Congo and in Northern Nigeria) where the popula- 
tion has had little opportunity to get to know salt-water 
species. 

Outlook 

Population growth in developed countries, the dis- 
cussion of the demand for fish in Western Europe and 
North America appears to indicate, may possibly lead 
to changes in consumption patterns (as a result of con- 
current changes in income levels and in relative prices of 
fish and competitive foods). In developing countries, 
population growth will have more serious consequences. 
Even if the rate of population increase only remains the 
same as now, food needs can be expected to increase 
steadily, since food-producing capacity is not, in most 
areas, growing at a similar pace. 

The problem of expanding supplies and of ensuring 
that food produced is brought to the market and 
purchased by the consumer, consequently, will become 
more pressing with time. Man's knowledge and 
ingenuity, therefore, must be applied to finding solutions, 
unless the dire conclusions of Malthusian thinking are 
to become applicable in the major part of this world. 

One way of moving in the right direction, and accom- 
plishing something immediately, is to overcome obstacles 
preventing the best utilization of already existing re- 
sources. These obstacles, the preceding has shown, 
partly lie in nature distances between production and 
consumption centres, climatic conditions, etc. partly in 
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man lack of knowledge of needs and opportunities, the 
thirst for monopoly profits, etc. 

Jn a general way, the steps that must be taken were 
outlined at the beginning of Part IV of this paper. A 
few concrete examples of the activities that have been 
initiated by governments, with the help of international 
and bi-lateral assistance, along these lines in the fisheries 
field are listed in the following: 

1. Road construction programs have been examined 
to determine whether, through comparatively small 
modifications of existing plans (e.g. by incorporation of 
connecting links to heretofore isolated landing points), 
the needs of fisheries could be served. 

2. Marketing schemes aimed at increasing the level of 
trade and consumption in specific areas were set up. 
Drawing up plans for these schemes involved the selec- 
tion of appropriate means of transport and facilities for 
preservation with ice as well as for storage and of the 
most economic methods of operation considering 
production and market capacity, costs, and purchasing 
power of potential consumers. 

3. Government-operated or supervised wholesale and/ 
or retail market facilities have been installed to make 
supplies available on a more regular basis, to counteract 
restrictive practices and reduce prices, to improve 
quality and hygienic standards, etc. 

4. Co-operative endeavours in production and market- 
ing have been encouraged, and efforts have been made to 
wrest monopoly powers from middlemen, while at the 
same time letting them continue in those functions in the 
distribution system, which, by virtue of their experience, 
they are best qualified to exercise. 

5. Market research has been expanded: products 
best suited to fill nutritional needs and, at the same time, 
most likely to find consumer acceptance, because of 
price and preference factors, are being developed and 
introduced. 

6. Consumer education is being emphasized, and 
information on the dietary value of fish is being dissemi- 
nated through lectures and demonstrations in schools 
and at public gatherings of all kinds. Systematic 
promotional campaigns to boost the consumption 
of fish have been started in a number of countries, 
preliminary results in most instances being very satis- 
factory. 

7. Opportunities for increasing demand through ex- 
pansion of institutional consumption are being investi- 
gated. 

The foregoing is not an exhaustive list of the pos- 
sibilities for taking action to raise the demand for fishery 
products in developing countries. The examples are 
merely given to show how much can be done, on a 
local basis and in specific sectors, pending an increase in 
the standard of living and in consumer purchasing 
power in these countries, which would bring about a 
general improvement in diets and which, in many 
countries, would undoubtedly lead to vastly increased 
consumption of fishery products. 
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Country 

Western Europe 

Austria 

Belgium 

Denmark 

France 

Germany (F.R.) 1 

Germany 

Greece 

Iceland 8 

Ireland . 

Italy 3 

Netherlands 4 

Netherlands . 

Norway 

Norway 

Portugal 

Spain 

Sweden' 1 

Switzerland 6 . 

Turkey . 

United Kingdom 

Yugoslavia 

North America 

Canada . 
United States 



Appendix 1. Average per capita fish consumption by countries 

Weight basis 1938 



Product weight 
Product weight 
Whole fresh weight 
Product weight 
Whole fresh weight 
Fillet weight . 
Product weight 
Landed weight . 
Product weight 
Product weight 
Edible weight . 
Whole fresh weight 
Landed weight 
Whole fresh weight 
Product weight 
Landed weight 
Product weight 
Product weight 
Product weight 
Edible weight . 
Whole fresh weight 



Edible weight 
Edible weight 



1 The figures for 1938 refer to 1934-38. 

2 The figures given represent estimates based on fish consumption in the capital. 

3 For 1938 and 1948, molluscs and crustaceans are excluded. 

4 The figures for 1938 and 1948 are estimates. 

ft The figures for 1938 refer to 1939 and for 1958 are preliminary. 

G The figures for 1958 refer to 1957 and the figures for 1938 refer to 1940. 

Source: Fisheries Policies in Western Europe and North America, OEEC, 1960, Table 38. 



1-5 

12-0 

10-0 

9-3 

11-8 

6-8 

6-6 

(90-0) 

5-7 

6-7 

5-7 

9.9 



28-0 

17-4 
1-5 
1-0 

11-8 



5-2 
5-0 



1948 

2-3 
13-2 
15-0 

9-1 
15-4 

9-1 

(95*)) 
5-0 

4.4 

7-2 
12-7 



25-7 
17-5 
17-1 

1-0 
14-1 



5-8 
5-0 



1958 

3-1 

12-6 

12-0 

11-9 

11-4 

6-5 

12-1 

(100-0) 

6-4 

7-9 

4-8 

8-9 

41-0 

52-0 

32-1 

19-7 

17-6 

3-0 

3-5 

10-3 

1-0 



A- 1 

4-7 



Appendix II. Estimates of income and price elasticities of demand for individual foods 

Income elasticity 
1955 1958 

Quantity Quantity 

purchased Expenditure purchased Expenditure 



FISH : 

White, fresh 

Herrings, fresh 

Fat, fresh, other . 

White, processed 

Fat, processed 

Shell 

Cooked 

Canned and bottled 

Fish products 

Total fish . 



0-20 
0-03 
0-55 
0-62 
0-25 
0-86 
0-19 
0-60 
0-14 

0-23 



0-36 
0-07 
0-99 
0-64 
0-31 
1-18 
0-18 
0-63 
0-40 

0-38 



0-21 
0-21 
0-50 
0-66 
0-39 
1-15 
0-19 
0-43 
0-04 

0-20 



0-36 
0-24 
0-34 
0-73 
0-54 
1-14 
-0-04 
0-63 
0-17 

0-41 



Price 
elasticity 

- 1-17(0-20) 
1 -64 (0-44) 
0-61 (0-18) 
1 -30 (0-46) 
0-11 (0-39) 

n.a. 

I -20 (0-4A) 
M 7 (0-28) 



Seasonal or 

annual shifts 

in demand 

S 
S 
S 
S 
S, A 

S, A 
A 
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Appendix in. Income-expenditure elasticities for fish products and some related demand elasticities 



Survey 

1. Austria 1954-55 

11. Egypt 1955 . 

12. Finland 1950-51 
16. France 1951 . 

18. Germany 1950-51 . 
20. Germany 1953 

25. Ghana 1954-55 

26. Greece 1957-58 

28. India 1951 53 

29. India 1951-53 
32. Ireland 1951-52 

35. Italy 1953 

36. Italy 1953 

37. Italy 1953 

38. Italy 1953 

39. Italy 1953 

40. Italy 1953-54 . 
42. Japan 1951-52 
44. Japan 1953-56 

46. Japan 1955-56 

47. Netherlands 1951 . 

52. Panama 1952-53 

53. Philippines 1954 

54. Portugal 1950-51 . 

55. Puerto Rico 1952 . 

56. South Africa 1955 . 

62. United Kingdom 1953-54 
65. U.S.A. 1955 . 



Elasticity 

co-efficient 

Expenditure 

77* 

M3 
54 
74* 
51 
87 
72* 
80 

1-16* 

1-11* 
94* 
75* 

1-04* 
79* 
90* 
60* 
50* 

1-02* 
51* 1 

1-15* 
37 
17* 
56* 
67* 
20* 
76* 
38 
27* 



Demand 

22 
24 



66* 



18* 



47 



00* 



Standard 

deviation 

(Exp.) 

07 
03 
05 
06 
08 
10 
09 



03 

04 

04 

13 

11 

08 

06 

04 

06 

01 ' 

06 

04 

10 

17 

10 

04 

02 

06 

07 



* A correction factor I I2d has been applied to take into account the size of the household. 
1 Plasticity of fresh fish: -52* (-02). 

Source: Unpublished survey prepared by Mr. L. M. Goreux, FAO. 



Appendix IV. Changes in composition of United States catches 
1889-92 to 1960 



(Selected years and food-fish species) 
(in 1,000 Ibs.) 



Oysters 

Cod 

Haddock 

Flounders 

Shrimp . 

Tuna 



1889-92 
composite 

169,293 

163,912 

49,957 

10,363 

8,225 



1908 

148,872 

102,107 

59,987 

23,346 

19,080 



1929-31 
average 

82,791 
103,864 
237,112 

71,968 
101,674 

76,066 



Coverage 
of survey 

Cities over 10,000 pop. 

Three villages 

Wage earners, 1 8 cities 

17 cities over 100,000 pop. 

Cities over 5,000 pop. 

Farmers 

Three cities 

Urban 

Rural 

Urban 

All population 

All population 

Farm families South 

Farm families- N. central 

Non-farm families South 

Non-farm families North 

Non-farm pop. 

Farm pop. 

Urban workers 

Farm pop. 

All pop., excl. farmers 

Panama City 

Manila and suburbs 

Porto (mainly urban) 

Wage earners 

Urban white families 

All population 

All population 



1938 40 
average 

80,092 
109,474 
163,106 

85,506 
148,784 
170,868 



I960 

57,700 
45,000 
118,600 
130,300 
248,700 
296,900 



Data in first four columns from H. F. Taylor, Survey of Marine Fisheries of North Carolina, pp. 407-409 The University of North 
Carolina Press, Chapel Hill, 1951. 
Data for 1960 from Fisheries of the United States, 1960 (A Preliminary Review) by E. A. Power, F. L. 393, Washington, D.C. April, 1961 . 
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Appendix V. Weekly household consumption in the United States 

Purchases offish and shellfish products in the spring of 1955, 
by income groups 



Appendix VI. Weekly household consumption in the United States 

Expenditures for fish and shellfish products, comparison 
between 1948 and 1955, by income groups 



Total Total Canned 

Income Groups fish Shellfish Salmon 

Quantity purchased per household (Ibs.) 



1,000-1,999 
2,000-2,999 
3,000-3,999 
4,000-4,999 
5,000-5,999 
6,000-7,999 
8,000-9,999 
10,000 and over 



09 

37 

1-21 

14 

09 

46 

1-01 

1-06 



11 
13 
19 
20 
23 
27 
13 
39 



16 
13 
13 
10 
14 
13 
17 
12 



Canned 
Tuna 

05 
08 
14 
17 
15 
17 
20 
20 



Fish 



Shellfish 



Money value of purchases per household ($) 



1,000-1,999 
2,000-2,999 
3,000-3,999 
4,000-4,999 
5,000-5,999 
6,000-7,999 
8,000-9,999 
10,000 and over 



37 
46 
52 
54 
60 
74 
67 
93 



08 
08 
10 
17 
19 
23 
12 
35 



09 
08 
08 
07 
09 
09 
11 
09 



04 
06 
11 
13 
14 
14 
16 
17 



Money income after income 
taxes for households of 2 

or more persons ($) 1948 1955 1948 1955 

Money value of purchases per household ($) 

1,000-1,999 -38 -37 -005 -08 

2,000-2,999 -45 -46 -03 -08 

3,000-3,999 -50 -52 -06 -10 

4,000-4,999 -59 -54 -07 -17 

5,0007,499(1948) -60 -12 

7,500 and over (1948) -84 -17 

5,000-5,999(1955) -60 -19 

6,000-7,999(1955) -74 -23 

8,000-9,999(1955) -67 -12 

10,000 and over ( 1955) -93 -35 

Based on surveys conducted by the U.S. Department of Agricul- 
ture. Data refer to 1 week in the period from April to June and to 
all urbanizations. 



Based on surveys conducted by the U.S. Department of Agri- 
culture. Data refer to 1 week in the period from April to June and 
to all urbanizations. 




Fish is the main source of animal protein in the popular diet of the Congo where the Potopoto market 
in Leopoldville is here illustrated. To cope with the famine threat in that country the FAO 
took prompt steps amongst which was a survey by a marketing expert to improve the distribution 
methods of all foods but particularly of fish because of the strong demand for it as a human food. 
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GENERAL INTRODUCTION 

FISH FLOUR* 

La farine alimentaire de poisson 
Harina de pescado 

TECHNOLOGICAL DEVELOPMENTS IN CANADA, ICELAND, SCANDINAVIA, 
SOUTH AFRICA AND THE UNITED STATES OF AMERICA 

Ddveloppements technologiques au Canada, en Islande, dans les Pays Scandinaves, 

en Afrique du Sud et aux Etats-Unis d'Amdrique 

Adelantos tecnicos en Canada, en Islandia, en los Paises Escandinavos, en 
Sudafrica y en los Estados Unidos de America 

This report contains condensed versions of five country statements prepared for the Conference by H. Fougtre 
(Canada); Gudlaugur Hannesson (Iceland); Kaare Bakken (Norway); G. M. Dreosti (Republic of South Africa); and 
E. R. Pariser (United States of America). Editorial comments have not been included and wherever possible the original 
nature, context and structure of the material prepared by the original authors has been retained. In a few instances, 
however, material not included in the country statements has been added to aid in the continuity, interest and clarity of 
the report. D. G. Snyder. 



INTRODUCTION 

MALNUTRITION is to a great extent the result 
of an inadequate consumption of high quality 
protein which is needed to complete and to 
balance the diets of peoples whose food contains pre- 
ponderantly vegetables and cereals. Sadly enough, 
young growing children and expectant mothers suffer 
most from a lack of proteins containing sufficient 
quantities and correct proportions of the required 
amino acids. Milk, eggs, meat, fish and chicken all 
contain high quality animal protein but are often too 
costly and are not universally available. The need is 
great for a satisfactory, inexpensive animal protein of 
high quality which might be suitable for incorporation 
into the diets of peoples suffering from protein mal- 
nutrition. 

Fish, although a staple diet of recognized nutritive 
value since man's early hunting days, has always been 
difficult to preserve and distribute. Moreover, in tropical 
and sub-tropical countries where inexpensive protein is 
needed most, the means of preservation, transportation 
and distribution are least available. Efforts to overcome 
these obstacles are by no means limited to modern day 
science. For instance, the Egyptians were intimately 
acquainted with the art of curing fish with salt and the 
Romans developed processes for the manufacture, from 
fish, of an enzyme-digested amino acid concentrate that 
was used as a universal seasoning. 1 
Only recently more systematic studies have been 

1 B. Flower and E. Rosenbaum, Apicius, The Roman Cookery 
Book, Peter Nevill, Ltd., London and New York, 1958. 



initiated to prepare a satisfactory, cheap, concentrated 
quality protein and mineral food supplement. Such a 
product, variously known as fish flour, edible fish meal 
or fish protein concentrate, is generally considered to be 
a dehydrated, partially or almost completely defatted 
product which may or may not be flavourless or odour- 
less. 

During the last few years, many processes have been 
studied for the manufacture of fish flour for human 
consumption in different countries. These studies 
indicate the possibility of producing, at low cost, a 
concentrate of high nutritive value and long shelf-life. 
Hundreds of tons of fish flour have been produced and 
consumed in Sweden, Morocco, and South Africa, but 
it is only now, thanks to the untiring efforts of 
International Agencies of the United Nations, that 
fish flour is receiving the attention it deserves as a 
weapon in the universal fight against hunger. 

This report contains a general discussion of the 
problems encountered in the manufacture and use of 
fish flour, as well as a review of the technical endeavours 
to produce a satisfactory fish flour in Iceland, Canada, 
the United States, Republic of South Africa, and 
Scandinavia. Early efforts and problems, the processes 
and processing variables currently being studied, and 
the nature of the resultant products have been considered. 

PROBLEMS ENCOUNTERED IN THE MANU- 
FACTURE AND USE OF FISH FLOUR 

Keeping qualities, consumer acceptance, cost, and nutri- 
tive quality of the product, as well as the flexibility and 
safety of the manufacturing methods used, are factors 



* The term "fish flour" was used throughout the documentation and discussions of the FAO International Conference on Fish in Nutrition 
and has* therefore, been retained in this publication. However, to avoid confusion with cereal flours, FAO, in consultation with a 
panel of experts, has decided to use the term "fish protein concentrates" to describe ground dried fish products intended for human 
consumption. 
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that need consideration by scientists contemplating 
development of a satisfactory process to produce an 
edible fish flour. These factors, which are interrelated 
and all of considerable importance, are examined briefly 
below so that the reader may have a better understanding 
of the complexity of the problems encountered. 

Keeping qualities 

The manufacturing process used must result in a product 
that can be stored for long periods under tropical 
temperatures and under generally adverse conditions 
without loss of quality. The process, then, must be effec- 
tive in removing most or all of the oil, the odiferous 
compounds and their precursors. To remove the oil, 
attention has turned largely to processes based on 
extraction of the raw or precooked fish with one or 
several solvents. Some of these seem to be effective. 

Dehydration of the raw material is important to en- 
sure adequate keeping qualities of the protein concentrate. 
Dehydration procedures also enter into considerations 
relating to processing costs and nutritive value of the 
finished product. For satisfactory storage the product 
should contain less than 10 per cent moisture to dis- 
courage growth of spoilage organisms. The methods of 
dehydration that have found application can generally 
be classified as wet reduction and dry rendering, vacuum 
drying, azeotropic distillation, and air drying. 

Finally, great attention must be given to the overall 
sanitary aspects of the entire process, since poor handling 
and unsanitary working techniques will enhance the 
possibility of product deterioration. 

Acceptance 

The manufacturing method must result in a product that 
can easily be incorporated into the food of the potential 
consumer without lowering the appeal of the local 
dishes. Such factors as form, particle size, and grittiness 
of the end product are important. Tastes differ some 
peoples prefer a distinct flavour, while others would 
object to any fish taste or odour. In the latter case, the 
flour has to be refined, deodorized, or manufactured in 
such a manner as to be flavourless and odourless. 

Knowledge is necessary of the food in which the fish 
flour can be incorporated and also about the effect of 
such supplementation. For instance, supplementation of 
chocolate icing with a highly refined, deodorized fish 
flour, conducted at the College Park Laboratory of the 
Bureau of Commercial Fisheries in the United States, 
completely altered the characteristics of the icing. 

Cost 

Unless people who need the fish flour can afford to buy 
the product, the value of the efforts devoted to product 



development is largely lost. Cost considerations are, 
therefore, all-important. About one-fifth of the raw 
material weight is recovered as fish flour after removal of 
moisture and oil. Thus, the cost of the flour is more than 
five times that of the raw material since processing costs 
must also be included, although some saving results from 
lower shipping costs through decreased weight. 

Aesthetic requirements, such as the use of only fillets* 
would further decrease yield to only ^ to ^ of the raw 
material weight, as well as adding to processing costs. 
Thus, the types and parts of fish used as the starting 
material are very important. 

In some countries low initial capital outlay for the 
processing plant would be essential or else industry 
would be hesitant to enter into the venture. Too, the 
operation should be economical. Such matters as heat 
loss, solvent recovery, workman hours, equipment 
costs, and the like need attention. 

Nutritive value 

Whenever a raw material is processed, the nutritive value 
of the resultant processed food product may be altered 
and often reduced. In this connection it must be noted 
that fish flour is intended primarily as a dietary protein 
supplement. Therefore, the nutritive quality of the fish 
protein must be high to supplement the proteins of the 
basic diet. The possible loss of minerals during process- 
ing must also be considered, since some nutritional 
deficiencies involve limited mineral intake. Vitamin 
losses, although perhaps of lesser importance, should 
certainly be considered as well. 

Thus, selection of a processing method must be based 
on its potential for yielding a uniform and nutritionally 
consistent product. Solvents and drying methods used, 
parts and types of fish, storage conditions, sanitation 
methods employed to prevent mould, bacteria, and 
insect infestation may all affect the nutritive value and 
wholesomeness of the resultant product. Solvents and 
solvent residues that may be harmful must be eliminated 
from the finished product. 

Flexibility and safety in manufacture 

If a wide market is envisaged, the manufacturing process 
must be flexible to permit the manufacture of a product 
that will be accepted by people of widely varying taste 
preferences and eating habits. The process should be 
flexible for large and small scale production to assure 
maximum utilization of our global fishery resources. If 
manufacture is to be considered in developing countries, 
it is especially important to consider the requirements of 
operations in localities where public utilities are limited. 
In all cases, safety considerations must be observed, 
especially when solvents are employed in the manu- 
facturing process. 
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TECHNOLOGICAL DEVELOPMENTS IN CANADA 

by 
H. FOUGERE 

Fish flour investigations in Canada were initiated at the Halifax Technological Station of the Fisheries Research Board of Canada in 
1955. Two objectives were in sight: a product of high quality protein for human consumption and the efficient utilization of fish offal resulting 
from filleting plant operations. 

Other countries as well have developed processes for manufacturing fish flour, the basic principle being the same, namely solvent 
extraction. 

1 . The isopropanol process involves : 

(a) Acid treatment of offal with polyphosphoric acid at pH 5-5 to hydrolyse the collagens. 

(b) Solvent extraction of the presscakc. 

2. Studies of solvent extraction experimental procedure and data. Systematic investigations of the efficiency of acetone and isopro- 
panol as solvents are reported, ethyl alcohol and trichlorethylene being also considered. It was subsequently observed that the acid treatment 
of offal presented the disadvantages of removing water soluble proteins and thus reduced the yield of the final product. Guttmann (Halifax) 
undertook to demonstrate this fact by presenting data on the loss of protein nitrogen as well as of the individual amino acids. Furthermore, 
this investigation led to a simplified process, giving a higher yield, and a method for preserving the raw material for subsequent processing. 

3. Nutritional. It has been demonstrated that fish flour (isopropanol process) is equally as good as egg albumin and is nutritionally 
more complete than casein. 

4. Utilization. Although fish flour is not manufactured commercially in Canada some home economists are experimenting with it by 
adding it to wheat flour in baking bread, biscuits and fortifying cereals. It was thought that cereal flours, of which Canada has yearly sur- 
pluses, when mixed with fish offal, might have some merit. One product in particular, 30 per cent protein, was obtained. It is easily prepared, 
dries easily, requires no solvent extraction and its taste and odour are quite acceptable. In addition, apple presscake, a by-product of the 
apple juice industry in Nova Scotia, when added to fish offal with vegetable flour has the property of masking fishy tastes and odours. A 
suggestion follows that dry pineapple presscakc which should be abundant in countries close to those where the need for more protein is 
emphasized, could serve a similar useful purpose. 

DEVELOPPEMENTS TECHNOLOG1QUES AU CANADA 

Au Canada, des recherches sur la farine alimentaire de poisson ont etd entreprises en 1955 & la Station technologique d'Halifax, du 
Fisheries Research Board of Canada. On visait deux objectifs: un produit d'une haute valeur en proteines pour la consommation humaine et 
1'utilisation efficace des dechets de poisson resultant dcs operations dans les usines de filetage. 

D'autrcs pays ont aussi developpe des precedes pour la fabrication de farine dc poisson sur les mmes principes de base, c'est-a-dire 
Tcxtraction aux solvants. 

1. La methode a 1'isopropanol comprend: 

(a) le traitemcnt a Tacide des dechets avec de 1'acide polyphosphorique au pH 5,5 pour hydrolyser les collagenes. 

(b) Pex tract ion au solvant du gateau de presse. 

2. Etudes de Pextraction au solvant m^thode experimental et donn&s. Une recherche systematique sur I'efficacite de l'actone et de 
I'isopropanol comme solvants a et6 effectuee, Talcool ethylique et le trichlorethylene etant pris aussi en consideration. On a observe par la 
suite que le traitcment a 1'acide des dechets presentait Tinconvenient d'enleverles proteines solubles dans 1'eau, reduisant ainsi le rendement du 
produit final. Guttmann (Halifax) a entrepris de demontrer ce fait en pr6sentant des donnees sur la perte de Tazote proteique ainsi que des 
acidcs amines individuals. En outre, ces recherches ont abouti a un precede simplific, donnant un rendement plus eieve, et a une methode de 
preservation de la matiere brute pour un traitement ulterieur. 

3. Valeur nutritionnelle. On a demontre que la farine alimentaire de poisson (methode a Pisopropanol) est a egalite avec 1'albuminc 
de Toeuf et, du point de vue nutritionnel, est plus complete que la caseine. 

4. Utilisation. Bien que la farine alimentaire de poisson ne soit pas fabriquee industriellement au Canada, des specialistes de 
reconomie domestique precedent actuellement a des experiences en 1'incorporant & de la farine de bie pour la fabrication du pain, dc biscuits et 
de cerealcs fortifiantes. On ayait pense que les farincs de c6reales, dont le Canada a des surplus annuels, pourraient <Hre avantageusement 
meiangees a des dechets dc poisson. On a obtenu, en particulier, un produit contenant 30 pour cent de proteines. Sa preparation est facile, 
il seche rapidement, n'exige pas d'extraction au solvanl et presentc un gout et une odeur tres acceptables. De plus, quand du gateau de 
presse, sous-produit de Tindustrie du jus de pommc en Nouvelle-Ecosse, est ajoute a des dechets de poisson avec de la farine de legumineuses, 
il a la propriete de masquer les gouts et odeurs caracteristiques de poisson. On pense que le gateau de presse de 1'ananas seche, pouvant 
exister en abondancc dans les pays proches de ceux ou le besoin d'un supplement en proteines est indeniablc, serait susceptible de rendre le 
meme service. 

ADELANTOS TECNICOS EN CANADA 

Las investigaciones sobre harina de pescado en Canada se iniciaron en 1955 en la Estaci6n de Tecnologia de Halifax dc la Junta de 
Investigaciones Pesqueras de Canada, l^s dos finalidades que so persegufan eran : un producto de proteina de aha calidad para el consumo 
humano y el aprovechamiento efica? de los desechos y visceras que quedan al filetear el pescado. 

Tambien otros paises han encontrado procedimientos para la factura de harina dc pescado, pero el principio fundamental es el 
mismo: cxtraccidn por solventes. 

1 . El procedimiento del isopropanol consta de: 

(a) Tratamiento cido de las visceras con acido polifosf6rico a pH 5,5 para hidrolizar los coldgenos. 

(b) Extraccion por solventes de la torta de prcnsa. 

2. Estudios de la extraccion por solventes: procedimiento experimental y datos. Se llevo a cabo una investigation sistematica de la 
eficacia de acetona e isopropanol como solventes, estudiando tambien el alcohol etflico y el tricloroetileno. Posteriormente se observo que el 
tratamiento Acido de las visceras tenfa el inconvenicnte de eliminar las proteinas solubles en agua y, con ello, dc reducir el rendimiento del 
prpducto final. Guttmann (Halifax) sc propuso demostrarlo presentando datos sobre la perdida de nitr6geno proteico asi como de los amino- 
^icidos individuales. Ademds, esta investigaci6n condujo a un procedimiento simplificado que daba un rendimiento mas alto y un metodo para 
conservar la materia prima para la elaboracidn posterior. 

3. Nutrki6n. Se ha demostrado que la harina de pescado (procedimiento isopropanol) es tan buena como la albumina de huevo y, 
desde el punto de vista de la nutrici6n, mas completa que la caseina. 
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4. Utilizacita. Aunque la harina de pescado para el consume humane no se fabrica industrialmcntc en Canada, algunos econo 
mistas hacen experimentos adicionandola a la harina de trigo para hacer pan, galletas y fortificar los cereales. Se creyb que las harinas de 
cereales de los que Canada tiene excedcntes todos los aftos, mezcladas con visceras de pescadp, podrfan tener valor. Se obtuvo un producto en 
particular con 30 por ciento de proteina. Este producto se prepare y seca facilmcntc, no exige extracci6n por solvcntes y su sabor y olor son 
aceptables. Ademas, la torta de prensa de manzanas, un subproducto de la industria de prcparacidn de zumos de manzanas en Nueva Escocia, 
tiene la propiedad, cuando se aftade a los desechos de pescado con harina de cereales, de enmascarar los sabores y olores a pescado. Tambien 
se sugiere que la torta de prensa de pifias, que deberfa de abundar en los paises prbximos a aqudllos en que es mayor la necesidad de proteinas, 
podria tener un aprovechamiento igualmente util. 



FTSH flour investigations in Canada were initiated at 
the Halifax Technological Station of the Fisheries 
Research Board of Canada in 1955. The objective 
was to produce a product of high-quality protein for 
human consumption, and in so doing utilize efficiently 
the fish offal resulting from filleting plant operations. 
Early investigations used an isopropanol process by 
Guttmann and Vandenheuval which is briefly described. 
Later modifications concerned studies by Dambergs 
on the efficiency of isopropanol and acetone as solvents. 
Present modifications involve a simplified process in 
which the raw material is directly extracted. These 
modifications are discussed along with results of nutri- 
tional assays on fish flour and product development 
studies. 

Initial Investigations 

Guttmann and Vandenheuval process. In 1957, Gutt- 
mann and Vandenheuval (6) published a note describing 
a process which involved heating acidified fresh fillet 
waste from fish such as cod, haddock, and hake, followed 
by washing with water, pressing, and solvent extraction. 
A brief description of the original process is as 
follows: 

1 . The heads are removed and discarded and the back 
bones and adhering flesh are ground in a meat chopper 
to J inch size. 

2. Equal weights of water and ground material are 
well mixed, acidified to pH 5-4-5-5, with polyphosphoric 
acid and the acidified slurry is heated and stirred for 
\ hour at 150F. 

3. The slurry is centrifuged in a basket centrifuge and 
washed with hot water until the effluent is clear. 

4. At this stage, the material, with roughly 55 per cent 
moisture, is mixed with twice its weight of isopropanol 
(86 per cent), heated to 180 U F for 15 minutes and 
vacuum filtered. 

5. After a second solvent extraction and filtration, the 
extracted material is dried in an oven dryer at 100F for 
24 hours. 

The resultant dry material is screened through 16 and 
20-mesh screens to separate bones and skins from pro- 
tein and each fraction is ground in a Rietz grinder using 
A inch screens. 

The yields calculated on the basis of 100 Ibs. of offal are, 
on the average: protein flour 10 Ibs., bones and skins 
5 Ibs., and solids in acid extract, 4 Ibs. The fish flour thus 
obtained is, for all practical purposes, white, tasteless, 
and odourless. 



Production costs by this process have been estimated 
at 15 cents per pound based on continuous operation at 
l,0001bs./hour, exclusive of overhead. It is doubtful that 
a complete plant could be built for much less than 
1 million dollars. Furthermore, based on an annual 
production of 2,500,000 pounds, the overhead charges 
would be approximately 12 cents per pound, thus 
making a total estimated cost of 27 cents per pound. 
The revenue derived from byproducts could reduce this 
figure slightly. 

Efficiency of isopropanol and acetone. In an effort to 
modify the process and lower production costs, Dam- 
bergs (1) investigated the efficiency of isopropanol and 
acetone as solvents. The investigation may be summed 
up as an exploration of the influence of water upon the 
efficiency of these two solvents as extractants. 

It became evident, that, within the range of the 
objective set forth, the efficiency of the two solvents 
studied is greatest when their moisture contents are in 
the vicinity of 20-30 per cent. This is translated into 
extractions of optimum fatty materials and water 
solubles and minimum protein. Dambergs states: 
"Only a part of the fatty material can be extracted with 
dry acetone or dry isopropanol. Since both solvents are 
powerful dehydrants, the amount of fat extracted from 
a wet sample will depend upon the ratio of the solvent 
to the amount of water present in the sample. Maxi- 
mum yields are obtained by adjusting the ratio between 
20 and 30 per cent waier in the liquid phase." 

It was found that the water-soluble fractions consisting 
of amino acids, peptides, ammonia, and amines are 
responsible for the bitter taste often encountered in the 
finished product and, along with the fatty materials, 
contribute to the undesirable odours. 

Acetone, although an excellent and cheap solvent, also 
imparted an objectionable taste and odour and was 
therefore rejected. 

Present Modifications 

The initial investigations led to a new process in which 
the raw material was extracted directly, thus bypassing 
two major steps in the process and consequently re- 
ducing production costs 

Since Guttmann (5) demonstrated that the addition of 
1 5 per cent by weight of pure isopropanol to groundfish 
offal will preserve them for a period of at least 2 months 
at room temperature, this mixture was prepared and 
held at room temperature for several days. After 
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several experiments it was decided to carry out the first 
extraction by adjusting the alcohol content in the liquid 
phase to 60 per cent by adding pure alcohol to the already 
treated offal-alcohol mixture. At this concentration 
the phospholipids, with a negligible quantity of protein, 
are extracted, together with the greatest part of the water 
solubles. 

A second extraction followed using 75 per cent iso- 
propanol in the liquid phase. The fish flour thus obtained 
was in all respects equal to that obtained by the original 
process. 

The savings resulting from this process have not yet 
been established. However, it is encouraging to note 
that the direct extraction of fish offal will produce 3 
times more fish flour per unit time than will the original 
process. 

The typical product contains 4-5 per cent moisture, 
less than 0-1 per cent fat, and about 8 per cent ash. The 
protein content is 90 per cent or better on a dry basis. 

Nutritional Assays 

The nutritive value of fish flour is better than egg 
albumin (Fig. 1). Larsen and Hawkins (8) state that the 
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Fig. 1. The protein efficiency ratio offish flour compared 
with that of egg albumin, 



protein efficiency ratio, a measure of the promotion of 
growth by a given quantity of nitrogenous material, was 
the same for fish flour and egg albumin, and was 20 per 
cent higher than for casein. These values establish the 



protein of the fish flour tested as among the best in 
nutritional quality. 

Product Development 

Power and Foug&re (17) attempted to develop a product 
similar to fish flour that would serve as an outlet for 
both surplus cereals and fish offal. Three parts of ground 
offal were mixed with one part of oatmeal and the result- 
ing thick paste was extruded into pencil size sticks. After 
exposure to dry air for 5-10 minutes, these sticks became 
firm and could be transferred to a circulating hot air 
dryer where they usually dried quite readily. The ground 
dry product, containing roughly 30 per cent protein, 
when reconstituted into the original paste or porridge by 
boiling in water has a slight cooked fish taste and is 
slightly salty. In taste and odour it is far superior to fish 
meal, and its estimated cost is roughly 6 cents per pound. 

Apple presscake, a byproduct of the apple juice 
industry, when added to fish offal with or without 
vegetable flour has the property of masking the fish taste 
and odour to some extent. Dry pineapple presscake, 
which may be abundant in countries close to those 
where the need for more protein is emphasized, could 
serve a similar purpose. 

Several attempts to produce fish flour by solvent 
extracting fish meal with isopropanol were unsuccessful. 
It is very difficult to reduce fish meal to an odourless 
product. Another possibility is the solvent extraction of 
presscake from fish meal plants. Fish flour of good 
quality was successfully produced by solvent extracting 
presscake with one single extraction. 

The Home Economics Section of the Canadian 
Department of Fisheries experimented with the use of 
fish flour in bread. Dough containing fish flour had a 
slight foreign odour which disappeared after the loaves 
were baked. In all cases, the loaves containing 10 per 
cent fish flour were heavy with fair volume and coarse, 
open grain. They were, however, regular in size and 
shape and quite palatable. Further results indicated that 
the 5 per cent level of fish flour was about optimal for 
brown bread. The colour was normal, as was also the 
odour and flavour. The texture and volume were 
judged ideal. 

These baking experiments suggest the possibility of 
fortifying wheat flour with fish flour. 

Conclusions 

Fish flour can be produced by direct solvent extraction 
with isopropanol. Cost of production must be more 
accurately estimated. Dry fish protein products can be 
produced by mixing fresh offal with oatmeal and/or 
with fruit presscake. Fish flour can be added up to 10 per 
cent of the weight of wheat flour for baking bread. 
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TECHNOLOGICAL DEVELOPMENTS IN ICELAND 

by 
GUDLAUGUR HANNESSON 

The fish meal produced in Iceland is chiefly exported and used as animal feed. Two attempts to produce fish flour have been made in 
Iceland. 

A fish flour experiment carried out in 1938 consisted of vacuum drying skinned cod fillets which were then ground. No attempt was 
made to extract or deodorize this fish flour. The ground fish flour was successfully incorporated in recipes of various dishes such as soups and 
bread. 

During 1952-54 efforts were made to produce fish flour. Experiments carried out by the staff of the Faxi Ltd., a large herring reduction 
plant, involved indirect steam cooking and air drying for dehydration followed by hexane extraction for defatting and deodorizing. The raw 
material used in these experiments was: beheaded, eviscerated cod, haddock and ocean perch; and fillet waste from the same. The fish-flour 
experiments may be divided into 3 groups: (i) fresh cod and haddock were processed by dry rendering in a small pilot plant. A portion of the 
batch was extracted with hexane. (ii) fresh fish and fillet waste were processed in a Farramatic fish-meal plant. The fish meal was subsequently 
extracted with hexane. (iii) same raw material as in (ii) was ground in a meat grinder and spread on trays for drying in a commercial salt 
fish dryer at 25 C, and was subsequently extracted with hexane. 

Since 1954 no research has been carried out on cither solvent extracted or non-extracted fish flour. In 1959, however, a fact-finding 
study was performed to decide on the feasibility of building a VioBin fish-meal plant for animal feed in Iceland. It was concluded in this 
study that the decisive factor against operating a VioBin fish-meal plant in Iceland was a foreseen increase in cost of production. 

Production of fish flour in Iceland has failed primarily because of lack of interest on the part of potential buyers. 

The Icelandic fish-meal manufacturers arc of the opinion that greater emphasis should be placed on exploring the consumer accept- 
ance of high-grade fish meal as a food in its own right. 

DEVELOPPEMENTS TECHNOLOGIQUES EN ISLANDE 

La farinc brute de poisson produite en Islande est principalement exportee et utilised pour ralimentation animate. 11 y a eu dans ce 
pays deux tentatives pour produire de la farine alimentaire de poisson. 

Une experience de production de farine alimentaire a etc conduite en 1938 et consistait a s6cher sous vide des filets de morue de- 
pouillds puis a les broyer. II n'y cut pas d'essai detraction ou de desodorisation de cctte farine qui, par ailleurs, fut introduce avec succes 
dans des compositions culinaircs variecs tclles que des soupes et du pain. 

En 1952 54, il y cut de nouveaux efforts pour produire de la farine alimentaire dc poisson. Les experiences conduites par le personnel 
de la Faxi Ltd., une grande Industrie de traitement du hareng, utiliserent la cuisson indirecte a la vapeur et le s6chage ii 1'air pour la dSshydra- 
tation, suivis d'une extraction a Thexane pour le ddgraissage de la morue, de Feglefin et du bar etetes et 6visceres et les dechets de leurs filets. 

Les essais sur la farine alimentaire de poisson peuvent 6tre divisds en 3 grpupes: 

(i) La morue et reglefm frais ont etc traitds par extraction a sec de la graisse dans une petite usine-pilote. Une partie de la charge 
etait soumise a une extraction a 1'hexane. 

(ii) Le poisson frais et les dechets de filetage ont 6t6 traites dans une installation Farramatic a farine brute de poisson. La farine 
brute etait soumise ensuite a une extraction a 1'hcxane. 

(iii) La meme matiere premiere qu'au (ii) etait broyee dans un moulin a viande, epandue sur des plateaux pour sechage dans un 
s6choir commercial a poisson sal, a 25 C, puis soumise a une extraction a 1'hexanc. 

Depuis 1954, aucunc recherche n'a ete conduite sur la farine alimentaire de poisson soumise ou non a une extraction au solvant. 
En 1959, cependant, on a conduit une etude prospective pour decider dc la possibilite d'implantation en Islande d'une installation VioBin 
a farine brute pour ralimentation animale. Cette 6tude a conclu qu'un facteur d6cisif contre la mise en oeuvre d'une telle installation en Islande 
serait un accroissement pnivisible des prix a la production. 

La production de la farine alimentaire en Islande a 6chou6 cssentiellement du fait du manque d'interet des acheteurs possibles. 

Les fabricants islandais de farine de poisson pensent qu'il faudrait s'efforcer dc savoir si le consommateur pourrait accepter directe- 
ment comme aliment dc la farine brute de haute qualite. 

ADELANTOS TECNICOS EN ISLANDIA 

La harina de pescado fabricada en Islandia se exporta casi toda para cmplearla como pienso. En dos ocasiones se ha tratado de 
producir harina para el consume humano. 

En 1938 se realizes un experimento que consistio en sccar al vacio filetes de bacalao sin piel y molerlos despucs. No se trat6 de 
extractarla o desodorizarla. La harina se emple6 satisfactoriarnente en diversas recetas para sopas y pan. 

De 1952 a 1954 se trato una vez mas de producir harina de pescado para el consumo humano. Los experimentos realizados per el 
personal de la Faxi, Ltd., una gran fdbrica reductora de arenque, consistieron en cocer al vapor indi recto y deshidratar al aire, scguido de 
cxtracci6n por hexano para desgrasar y desodorizar. La materia prima empleada en estos experimentos consistio en bacalao, eglefino y 
gallineta descabcvados y eviscerados y descchos del fileteado dc cstos. Los experimentos se hicieron en 3 partes : 

(i) Bacalao y eglefino frescos se claboraron mediantc desecaci6n en una pequefta instalaci6n piloto. Una parte se extract6 con hexano. 

(ii) Pescado fresco y desechos de fileteado se elaboraron en una fdbrica de harina Farramatic. La harina sc extractb posteriormente 
con hexano. 

(iii) La misma materia prima que en (ii) se moli6 en una picadora de carne y se esparci6 en bandcjas para secar en un secador dc 
pescado salado industrial a 25 C; posteriormente se extract6 con hexano. 

Desde 1954 no se ban hccho experimentos con harina de pescado extractada con solventes o sin extractar, pero en 1959 se realiz6 un 
estudio para decidir la posibilidad de construir una febrica de harina de pescado VioBin para producir piensos en Islandia. Se dedujo del 
estudio que el factor decisivo contra el proyccto era un aumento previsto en los costcs de la producci6n. 

La producci6n de harina de pescado para el consumo humano en Islandia ha fracasado principalmente por falta de intcr&s de los 
posibles compradores. 

Los fabric-antes de harina de pescado de Islandia opinan que se debe dar mas importancia al examen de la aceptacion or parte de 
los consumidores de harina dc pescado para el consumo humano de alta calidad como alimento por si mismo. 
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THE fish meal produced in Iceland is chiefly exported 
and used for animal feeding. Two attempts, how- 
ever, were made to produce an edible fish meal, one 
in 1938 and one in 1952-54. These are described along 
with the technological aspects of the later experiments. 
A fact-finding study in 1959 on the feasibility of building 
a Viofiin fish-meal plant in Iceland, as well as present and 
future views on fish-flour manufacture, are also reported. 

Fish-flour experiments in 1938 

Raw material was skinned cod fillets for this experiment. 
The production was carried out under very sanitary 
conditions in a steam-jacketed vacuum dryer. The dried 
fillets were ground to about the fineness of medium fine 
commercial fish meal. No attempt was made to extract 
or deodorize the fish meal. The product was used 
experimentally in various recipes of fish soups, fish balls, 
and for bread making. Attempts to export this product 
failed. The information given here is limited as no 
written account of these experiments is available. 

Fish-flour experiments in 1952-54 

In 1948-50 a large herring reduction plant, Faxi Ltd., 
was built in Reykjavik. The production capacity of the 
plant was 675 tons per 24 hours. The plant was operated 
on the so-called Nygaard-method (13, 22). This patented 
method employs a principle of dehydration whereby a 
fat or oil heat transfer medium is used to effect the re- 
moval of water from the raw material. In the patent (13) 
it is specified that it is imperative for effective water 
removal that the combined oil content (both added and 
from the raw material being processed) be greater than 
the nonfat solids content of the mass. In the Faxi plant 
the Nygaard-type dehydration equipment consisted of an 
indirectly heated vacuum cooker. The raw material, 
herring, was cooked in its own oil (plus some added 
herring oil to maintain a certain, unspecified oil/solids 
ratio) and heated at a low temperature until dehydrated. 
The solids were then filtered from the oil and the filter 
cake extracted by hexane in a countercurrent, tower-type 
solvent extractor fabricated by Allis-Chalmer of Mil- 
waukee, U.S. ((20) pp. 69-71). 

The herring meal produced by this method was not 
intended for human consumption but rather as a high- 
protein feed supplement. However, the plant was never 
operated on a full time basis because of a series of poor 
herring seasons. 

The fish-flour experiments were carried out by the 
engineers and chemists of the Faxi plant during 1952- 
54. The information given here is that obtained from 
the chief engineer of Faxi Ltd., at that time (2). Un- 
fortunately, processing data, chemical and bacterio- 
logical analyses which were compiled in these experi- 
ments are not available. 

A brief description of the experiments follows : 
Experiment 1. Fresh, good quality, beheaded, evis- 
cerated cod and haddock were processed into fish meal 
by indirect steam cooking and drying. The resulting 



fish meal was then ground finely into flour. A small 
pilot plant-scale cooker and dryer were built for this 
purpose. The fish meal produced was of good quality 
and was believed to qualify as fish flour. Upon extended 
storage this fish meal became rancid. Bacteriological 
studies indicated that adequate sanitation had been 
used during processing. A portion of this batch of fish 
meal was extracted with hexane; the defatted fish flour 
had a faint fishy odour and taste, and had a fair keeping 
quality. 

Experiment 2. In these studies a Farramatic process 
plant manufactured by Farrar Boiler Works, Ltd. of 
England was used (3, 15). The plant had a 24 ton/24 
hours capacity. This type of plant had been used on 
board a few Icelandic trawlers. 

The Farramatic plant (3) employs a continuous live 
or indirect steam cooker, and a small screw-press. Two 
drying cylinders, heated with indirect steam, were used 
in these experiments. Raw material used was beheaded, 
eviscerated fish cod, haddock and ocean perch and 
the waste from these fish. The fish meal was extracted 
with hexane and ground finely. The fish flour produced 
from cod and cod fillet waste gave the best results in this 
experiment. Fish flour from ocean perch gave poor 
results. 

Experiment 3. These studies involved air drying with 
subsequent hexane extraction. 

Raw material was the same as for the previous experi- 
ments. The fish and offal were comminuted in a fine 
meat grinder and spread on wooden-framed trays 
covered with fine mesh wire. The trays were placed in a 
commercial salt-fish dryer similar to that described by 
Linton and Wood (11). A fan blew the outdoor air 
through an air heater or directly into the dryer. A thermo- 
stat controlled the temperature at 24-25C. Linear air 
velocity of 250-300 ft. per minute was maintained. 
Intermittent drying was used, the fish in the trays being 
stirred by a rake-like device, periodically. Drying was 
completed in a working day. A considerable amount of 
browning occurred during the course of air drying, 
likewise a fair amount of bad odours was produced. The 
air-dried fish mass was then extracted by hexane. The 
resulting fish flour was on the whole of poorer quality 
than that produced by indirect steam cooking. 

These experiments were performed in 1952-54 and 
were then discontinued as no market could be established 
for the fish flour. 

A fact-finding study in 1959 on the feasibility of building 
a VioBin fish-meal plant in Iceland 

Prompted by the increased competition on the inter- 
national fish-meal market a fact-finding study (23) was 
undertaken on behalf of the Icelandic fish-meal industry 
to evaluate the VioBin method (9, 10) for production of 
fish meal by azeotropic distillation. Of chief interest was 
the possibility of producing fish meal of higher protein 
content than by the conventional methods employed in 
Iceland. Considerations of secondary importance were: 
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(i) production of fish flour by alcohol extraction after 
the azeotropic distillation and (ii) that the method, per se 9 
eliminates the odour problem usually associated with the 
manufacture of fish meal. 

The conclusions reached refer to conditions in Iceland 
for production of commercial fish meal and are as fol- 
lows: 

The advantages of the method as compared to the 
conventional methods were considered to be: (i) the 
method yields more oil, thus, the meal contains more 
protein of higher biological value and should, even 
though the amount of meal obtained is less, be of a higher 
market value; and (ii) the method eliminates the odour 
problem to a very large extent. 

The disadvantages of the method as compared to the 
conventional methods were considered to be: (i) the 
initial investment in building a VioBin plant is con- 
siderably higher than that in conventional fish-meal 
factories, and the corrosive nature of the solvent used 
should be taken into consideration in the construction of 
a VioBin plant; (ii) fuel consumption is 2-3 times 
greater than in conventional fish meal factories; and 
(iii) the fish oil obtained by the VioBin method is darker 
in colour than oil obtained by conventional reduction 
methods. 

The study showed the cost of production to be higher 
with the VioBin method than with methods not using 
solvents. It was, therefore, concluded that building a 
VioBin plant in Iceland was not justified at the present. 



In addition, in regard to the solvent extracted fish flour, 
it is the author's opinion that the important question of 
harmful solvent residues has not been settled. 

The present views of Icelandic fish-meal manufacturers on 
fish flour 

The Icelandic fish-meal industry has shown little interest 
in production of extracted fish flour. Efforts made in this 
respect have failed primarily because of little interest 
shown by potential buyers. The added cost of extracting 
(defatting and deodorizing) commercial fish meal, even 
by a relatively simple method such as that proposed by 
Dabsch (16), is considered prohibitive. At present 
there is, however, some interest among Icelandic fish- 
meal manufacturers to explore the consumer acceptance 
of high-grade fish meal. It is thought probable that high- 
grade fish meal might find acceptance as a food in its own 
right which would not be expected with neutral-flavoured, 
solvent-extracted fish flour. 

Future views on fish flour manufacture 

The Icelandic fish-meal industry believes that future 
developments will place emphasis on production of 
edible fish protein concentrates in the under-developed 
areas themselves. Abundant supplies of fish are in the 
waters adjacent to many of these areas. Production of 
fish protein concentrate is no longer a technological 
problem but rather that of market development and 
education. 
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TECHNOLOGICAL DEVELOPMENTS IN SCANDINAVIA 

by 
KAARE BAKKEN 

In the Scandinavian countries there has always been great interest in the production of fish meal which might be used for human 
consumption. 

Many different processes have been developed, both for the production of fish meal and fish flour, but none of these has had a 
long life due to the inability to create a market for the products. 

A few of the projects will be described here. 

The Norwegian Fisheries Research Institute has built a pilot plant for the production of fish flour, and this will also be further 
described. The process adopted is based on simultaneous water removal and extraction with ethanol. The extraction is performed in three 
stages, and the miscella is separated from the solids after each stage by the use of screw presses (expellers). 

Although the extraction takes place at ordinary room temperatures, the laboratory experiments showed that from pure fish meat 
might be produced an entirely neutral flour, which also had good storing qualities. 

In Sweden a factory for the production offish flour has been built by the firm "Astra". A short description of the process is given. 

DEVELOPPEMENTS TECHNOLOG1QUES DANS LES PAYS SCANDINAVES 

Les pays scandinaves ont toujours pris un vif interet la production d'une farine de poisson qui pourrait 6trc consomm6e par 
rhomme. 

Des precedes nombreux et varies ont 6t6 mis au point pour la production de farines de poisson destinies soit la consommation 
animale, soit la consommation humaine. Tous ces procedcs ont eu la vie courte du fait qu'il a etc impossible de creer des debouches pour 
les produils obtenus. 

On decrira dans cette communication quclques-uns des projets mis en oeuvre. 

L'lnstitut norvegien de recherches en matiere de peche a fait construire une usine-pilote pour la production de la farine de poisson. 
Cette usinc sera decrite plus loin. Lc proced6 utilise a pour base les operations simultan6es d'enlevement de Teau et d'extraction par 1'ethanol. 
U ex tract ion a lieu en trois temps et, a chaquc temps, le liquide est separ& des solides au moyen de presses & vis (pressoir continu). 

Bicn que Textraction se fasse la temperature de Tatmosphcre ambiante, les experiences de laboratoire ont montre qu'il serait possible 
de produire, en partant de la chair de poisson pure, une farine absolument neutre qui prescnterait de bonnes qualits de conservation. 

En Suede, la maison "Astra" a fait construire une usine pour la production de la farine dc poisson. Le procede fera 1'objet d'unc 
courte description. 

ADELANTOS TECNICOS EN LOS PAISES ESCAND1NAVOS 

En los paises escandinavos siempre ha habido gran interns por la produce! on de harina de pescado que pudiese ser utilizada para el 
consume por el hombre. 

Se han ensayado muchos procedimientos distintos para producir de harina de pescado para el consumo por el hombre y el ganado, 
pero ninguno de ellos ha durado mucho tiempo debido a la incapacidad de crear un mercado para estos productos. 

Se dcscribiran aqui algunps de estos proyectos. 

El Institute de Investigaciones Pesqueras Noruego ha construfdo una planta piloto para la producci6n de harina de pescado y sta 
tambien se describird con mas detalles. El m&odo adoptado es el de la eliminaci6n del agua y la extraction con etanol simultaneas. La 
extracci6n se realiza en tres etapas y se separan los liquidos de los s61idos despues de cada una por medio de una prensa de tornillo 
(expulsores). 

A pcsar de que la extraccibn tiene lugar a la temperatura ambiente, los experimentos dc laboratprio demostraron que seria posible 
producir, de carne de pescado pura, una harina totalmente neutra que a la vez tendria buenas caracteristicas de conservacion. 

En Sueciu la empresa "Astra" ha construido una fabrica para la producci6n de harina de pescado. Se dar una corta dcscripcidn 
del metodo. 



THE first attempt to produce and market a fish meal 
for human consumption in Norway on a commer- 
cial scale was carried out by Professor Waage in the 
189Q's. This attempt is described along with early 
attempts of the Norwegian Fish Powder Corporation 
and the Norwegian Fisheries Research Institute. Later 
attempts by the Research Institute to produce an odour- 
less and tasteless fish flour and a description of the 
pilot-plant process are reported. Analyses, both chemical 
and biological, are presented of the fish flour produced. 
Finally, the "Astra" process in Sweden is briefly de- 
scribed. 

Initial experiments 

Professor Waage in the 1890's was interested in pro- 
ducing an inexpensive article of food from fish in the 



form of a meal (flour) with good keeping qualities and 
with agreeable taste. He also contemplated a product 
that would be easy to use in cooking and that would not 
contain the usual odour and taste of dried fish. 
The manufacturing process was as follows : 
The coarsely chopped haddock fillets were dried in a 
high velocity hot-air stream at a temperature of 40- 
60C to a moisture content of 5-6 per cent, then finely 
ground and sifted. This product was especially suitable 
for use aboard ships and during expeditions, and proved 
very popular. In spite of the successful start, however, 
the corporation was unable to maintain the level of 
production at a profit and the factory had to close down 
after having been in production for about 4 years. 

During the difficult marketing conditions for fish in the 
years 1930-1940, a good many attempts were made to 
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find new products to use surplus fish. Here we shall 
consider only 3 projects, among the many suggestions 
made for the utilization of the fish surplus. Two de- 
veloped beyond the experimental stage but regrettably 
no lasting market for the products was created. The 
third is still in the pilot plant experimental stage. 

Experiments at the Norwegian Fish Powder Corporation 

In the year 1936 this Corporation was founded for the 
production of fish meal for human consumption. The 
plant had a capacity of about 200 kg. of raw material 
per hour. The raw material, mainly fish meat from 
haddock and cod, was first cooked (coagulated) with 
live-steam injection at a temperature of about 60C. 
After cooking, the mass was pressed in order to remove 
the glue materials. That remaining, the presscake, was 
dried in a steam heated drier under reduced pressure at a 
temperature of about 40C. Drying time was about 1 
hour. 

During cooking and drying, the fish meat was de- 
fibred, and the desired fluffy form was obtained without 
further treatment. The bones, which were separated by 
sifting, were ground in a special disintegrator and mixed 
into the fluffy powder. 

The product was entirely satisfactory from the quality 
point of view, but in spite of a positive reaction from the 
market investigations, the factory never moved beyond 
the trial production period and was abolished after a 
short time. 

Experiments at the Norwegian Fisheries Research Institute 

At the Research Institute a good deal of work was done 
to find new products and new production processes to 
create better marketing conditions for the fish surplus. 
Also, new raw material entered the picture in the form of 
fillet waste from the ever-increasing fillet production. 
New processes were investigated whereby the fillet waste 
could be utilized as articles of food instead of animal 
feeds. 

One of the products given the most attention was the 
production of a fish flour suitable for mixing with bread 
flour. Instead of traditionally cooking, pressing, and 
drying the presscake, which requires expensive machinery 
and gives a low yield, the fish pulp was dried in stages 
and in ordinary hot-gas driers without recourse to cook- 
ing and to pressing processes. 

When raw fish meat is dehydrated in the usual fish 
meal driers, the pulp will tend to clog together and stick 
to the walls of the drier. This was avoided in the new 
process by finely dividing the raw material and thoroughly 
mixing it with partly-dried fish in such proportions that 
the mixture formed a semi-dried mass which could be 
dehydrated without difficulties in common directly- 
fired, hot-gas driers. 

This method was very simple and gave a light coloured 
flour with only a slight fishy odour and taste when 
assorted and washed fillet waste or eviscerated, beheaded, 
and washed white fish were used as raw material. Trial 



production of this flour for human consumption was 
started at the beginning of the war and acceptability 
tests showed that a mixture of 5-6 per cent of the 
product in bread flour was undetected by the majority 
of consumers. 

Commercial plans for mixing the fish flour with 
bread flour were not realized during the war, but the 
manufacturing method itself was so successful that most 
of the fish-meal factories in Norway today use this 
principle and could therefore be called potential pro- 
ducers offish meal for human consumption when market 
conditions permit such production. 

The production of odourless and tasteless fish flour 

The meal produced by the previously mentioned method 
had a slight fishy odour and taste. After solvent extrac- 
tion with alcohol or acetone, however, an entirely odour- 
and taste-less meal could be produced which would also 
keep well during storage. When a neutral product is 
indicated, however, it seems desirable that the dehydra- 
tion and extraction should be conducted in the same 
step. 

For a number of years, the Research Institute has 
experimented with dehydration of ground fish with 
ethanol at room temperature. When ground fish (paste) 
and ethanol are intimately mixed, most of the protein is 
coagulated and the resulting mass may easily be pressed 
and the alcohol and water removed. By repeated treat- 
ment of the press cake with ethanol, the water content 
can be reduced to the desired minimum. Economic 
considerations, of course, determine how far the reduc- 
tion of the water content should be carried out advan- 
tageously with alcohol as compared to removal of the 
remaining water in common driers. 

Theoretical considerations and practical experiments 
in the laboratory pointed towards a three-stage plant as 
being the most feasible. A pilot plant constructed on 
these principles was designed and erected to study the 
practical process, and also to produce samples for 
marketing investigations (Fig. 1 and Fig. 2). 

Description of the pilot plant process 

The raw material is ground to a paste in a meat grinder 
and transported to a hopper at the top of the plant. 
This is done by hoist, since the paste becomes increasingly 
viscose if agitated too much by pumping. The paste is 
fed at intervals into an adjustable continuous feeder 
which maintains a uniform feed of raw material to a 
first extractor where it is mixed with miscella from one 
of the later stages. 

From the extractor the mass overflows to a screw press 
or expeller where the miscella is drained off and pumped 
over a vibrating screen to the miscella storage tank. The 
same procedure is repeated 3 times. This is not a true 
counter-current process as each individual stage has 
parallel flow, but the flow through the three different 
stages may be counter-current or varied so that fresh 
solvent is introduced at two points. 
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The pressure exerted on the presscake in the expeller 
may be varied by moving the cone-shaped expeller screw 
along the revolving shaft by turning the spoked wheel on 
the end. The extractor is supplied with a steam jacket so 
that the mixture can be heated during extraction if desired. 

An assembly of three extractors and three screw 
presses is placed on an angle of about 30 from the hori- 
zontal in order that the material will overflow from the 
extractor at a proper level. After being thoroughly 
mixed with the liquid, the mass falls into the feed end of 
the expeller. The liquid is drained off through a sieve 
plate surrounding the expeller screw and pumped to a 
previous stage and, in the case of the top stage, to the 
miscella storage. The set of three extractors as well as the 
set of three expellers each has a common drive through 
an infinitely variable speed variator. 

The alcohol in the miscella is recovered in a distillation 
column. Due to accumulation of sediment in the 
miscella the batch type of distillation has been used and 
the sediment may be emptied from time to time at the 
bottom of the kettle. The distillation column has a 
capacity of about 100 litres of up to 90 per cent (weight) 
of alcohol per hour. 

The drying of the meal is presently done in an adjoining 
fish-meal factory with vacuum steam jacketed driers. In 
this factory it is also possible to convey the material 
through a basket centrifuge before drying. 

The extraction plant is found to work best at a capacity 
of about 120 kg. per hour of raw material charge, 
although it was designed for a somewhat higher capacity. 

A plant of this type must have uniform flow through 
all parts in order to obtain proper balance. Owing to the 
tendency of fish paste to stick and clog passages, sieves, 
pipes, etc., the balance may easily be upset and a proper 
presscake will not be obtained. 

Although only a comparatively small amount of fresh 
alcohol feed should theoretically be required, it has been 
necessary to increase the amount of feed to improve the 
pressability of the material. The amount of alcohol 
actually used has been in the order of 50-90 kg. alcohol 
per 100 kg. raw material. The miscella from the last 
extractor will then have a concentration of 50-60 g. 
of alcohol per 100 g. of miscella. The miscella leaving 
the system from the first extractor will, according to 
conditions, contain 20-30 per cent alcohol and 3-5-4 g. 
of dry material per 100 g. of miscella. This will give a 
loss of the raw material equal to 15-20 per cent if the 
extracted dry material is not utilized. 

Experimentally, 40-50 per cent dry material in the 
presscake has been obtained from the last stage. Further 
removal of liquid from the final presscake is possible 
by centrifuging which may give a content of 50-60 per 
cent dry material. 

During experiments at the laboratory with finely 
ground fish fillet, an extraction time of 20 minutes in 
each stage was found to be more than sufficient to 
obtain equilibrium between the solvent and the material 
to be extracted. 



The conditions of equilibrium between the concentra- 
tion of alcohol in the liquid phase of both the miscella and 
the presscake that were obtained in laboratory experi- 
ments have not been observed in the experiments made 
with the pilot plant up to the present. Using fillet waste 
with bones we have always observed that the concentra- 
tion of alcohol has been higher in the miscella than in the 
corresponding presscake liquid phase. All indications 
seem to point towards the bones as being the cause of 
this anomaly. This may explain why we have so far been 
unable to produce a flour from the pilot plant with a 
quality and storage life equal to that of the flour obtained 
from the laboratory experiments. 

During our experiments with the pilot plant we also 
observed that some raw material requires a good deal 
more fresh alcohol feed than expected in order to give 
the mass a pressable consistency. We are therefore 
considering substituting a centrifuge for the last press in 
an attempt at using less pressure on the mass during the 
various stages. Additional work is needed to determine 
the critical conditions for processing various raw 
materials of interest. 

At the present time it is therefore not yet possible to 
say with certainty whether a cold extraction with ethanol 
or other water-removing solvents has any advantages 
over the solvent extraction of commercial fish meals. 

Analysis of the meal (flour) 

According to the amount of bone in the raw material 
used (fillet waste), the meals have a content of 70-85 
per cent protein, 6 20 per cent ash, and about 0-51 per 
cent fat. The net protein utilization (N.P.U.) of a few 
typical samples has been compared with freeze-dried 
fillet and spray-dried egg white. 

Six groups of rats were used, each group containing 
3 males and 3 females, with initial weights of about 75 g. 
Each of the meal samples was given to a rat from the 
same brood and same sex. The food contained 8 per cent 
protein and each rat was fed 10 g. per day. 

The result is given in this table: 

Nitrogen True 

balance Apparent N.P.U. digestibility 

percent digestibility (Egg ~ 100) (Egg -WO) 

61-1 85-3 93-1 100 

60-0 84-0 93-0 100 



Fish Flour 1 
Fish Flour II 



Freeze-dried fillets 56-2 84-3 88-2 100 

Egg while 68-0 83-1 100 100 

The fish meals were clearly inferior to egg-white with 
reference to the N-balance but it may be pointed out 
that the values generally are relatively high. With regard 
to digestibility, the fish meals were at least as good as 
the spray-dried egg-white. 

SWEDEN 

In 1960 "Astra" in Sweden built a pilot plant for the 
production of fish flour. The plant has produced a few 
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hundred tons of the product, all of which has up to the 
present time been marketed in Sweden. 

The process starts directly from fresh fish which is 
processed within 24 hours after unloading from the 
fishing vessels. 

The fish is first cooked with constant heating and 
stirring. 

The fat in the fish is then extracted with various 
solvents; however chlorinated solvents such as di- 
chloroethylene have been avoided. 

The solvent is introduced into a mixing tank where the 
extraction is carried out. After the solvent has been 
removed from the solid, the extraction operation is 
repeated until the de-fatting is sufficiently complete. A 
similar operation is used in the deodorizing process. 



The solvents used for the deodorization are removed in 
a drier. Simultaneously the content of water is reduced 
to the required amount. The product is finally ground 
into fine particle size. 

The fat is separated from the solvent by the use of 
simple distillation and forms a by-product from the 
process. 

The odour and taste constituents which are carried 
away by the solvents are again removed from the solvent 
in a distillation column. 

Bacteriological control as well as determination of 
protein content, fat, water, and minerals are carried out 
every day. Concurrently, taste and odour tests are also 
carried out. 
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TECHNOLOGICAL DEVELOPMENTS IN SOUTH AFRICA 

by 
G. M. DREOSTI 

In 1937, South African investigations were begun to find a tasteless, odourless fish flour for enriching cereal products for human 
consumption. The Fishing Industry Research Institute (FIRI) developed a suitable process. Hake, maasbanker and pilchard are successful 
raw materials. Even year-old fish meal was found useful for fully acceptable fish flour. The highest yield is obtained by extracting dry, normal 
fish meal with ethyl alcohol haying as low a moisture content as is conveniently possible. Using batch extraction, it was found the finer fish 
meal is ground, the more rapid is the extraction when it is shaken with alcohol. In percolation, unground meal was found preferable. Methods 
of recovering the used solvent and using the residue have been developed. The paper gives specifications for fish flour production and analytical 
data. 

The protein fraction of FIRI fish flour is usually high quality. If the level of supplementation is sufficiently high, fish flour can 
increase the assimilable protein content of bread to an appreciable extent. Rats are able to utilize fish flour's mineral component. However, 
the potassium content was often found too low to afford normal growth when fish flour provided the sole mineral source in the diet. Formulae 
based on skimmed milk powder or casein have been found uniformly satisfactory for cure of kwashiorkor and maintenance of cure in con- 
valescent infants. Experiments to date on diets containing 10 or 40 per cent FIRI fish flour indicate the fish flour samples had characteristics 
which made them unsuitable for this purpose. The use of fish flour to prevent kwashiorkor has not yet been investigated. 

DEVELOPPEMENTS TECHNOLOGIC LIES EN AFRIQUE DU SUD 

En 1937, des recherches furent entreprises en Afrique du Sud pour obtenir une farine alimentaire de poisson inodore ct sans saveur 
pouvant cnrichir les produits des cereales pour la consommation humaine. Le Fishing Industry Research Institute (FIRI) a mis au point un 
procede convenablc. Le merlu, le saurel et le pilchard ont donne pleine satisfaction comme matieres premieres. On a pu utiliser meme de la 
farine brute de poisson vieillc d'un an pour obtenir une farine alimentaire entierement acceptable. La plus grande production est obtenuc par 
une extraction de la farine brute et seche normale avec de i'alcool ethylique presentant une teneur en can la plus basse possible. Avec une 
extraction discontinue, plus la farine brute est moulue fine, plus 1'extraction est rapide quand on brasse la farine avec 1'alcool. Avec une 
extraction par percolation, la farine brute non moulue s'est montree preferable. On a mis au point des methodes de recuperation du solvant 
use et cTutilisation du residu. L'article donne des specifications pour la production de farine alimentaire de poisson et des donndcs analytiques. 

La fraction protcique de la farine alimentaire de poisson du FIRI est habituellement de haute qualite. Si le niveau de supplementa- 
tion est suftisamment eteve, la farine alimentaire de poisson peut clever la teneur en proteines assimilables du pain dans une large mesure. 
Les rats sont capables d'utiliser les constituents mineraux dc la farine alimentaire de poisson. Cependant, la teneur en potassium s'est souvent 
montree trop bassc pour permettre une croissance normale quand la farine alimentaire de poisson se trouve etre dans le regime la seule source 
en mineraux. 

Des formules basics sur la noudre de lait ecrdmee ou la caseinc se sont montrees uniform6ment satisfaisantcs pour le traitement du 
kwashiorkor cl la poursuite dc ce traitement chez les enfants convalescents. 

Jusqu'a ce jour, des experiences sur des regimes contenant 10 a 40 pour cent de farine alimentaire de poisson FIRI indiquent que les 
cchantillons de farine alimentaire ont des caracteres qui ne leur permettent pas dc convenir a cet objet. L'emploi de la farine alimentaire de 
poisson pour prevenir le kwashiorkor n'a pas encore etc etudie. 

ADELANTOS TECNJCOS EN SUDAFRICA 

tn 1937 en Sudafrica se iniciaron investigaciones encaminadas a encontrar una harina de pescado inodora c insipida para enriquecer 
los productos de cereales destinados a la alimentacion humana. El Fishing Industry Research Institute (FIRI) encontro un procedimiento 
convenientc. Merlu /.a, jurcl y sardina sudafricana son materias primas que han dado bucn resultado. Incluso la harina de pescado de un ano 
de edad puede emplcarse para obtener una harina alimentaria entcramente aceptable. El mayor rendimiento se obtiene por extraccibn de la 
harina normal seca con alcohol etilico, con un tenor deagua lo mas bajo que sea factible. Empleando la extraction discontinua, se ha observado 
que cuanto mas fina cs la harina mas rapida es la extracci6n cuando se agita con alcohol. Con la extraccion por filtracidn, la harina bruta 
no molida dernostro ser preferiblc. Se han encontrado procedimientos para recuperar el solvente empleado y utilizar los rcsiduos. El articulo 
da especificaciones para la producci6n dc harina de pescado comestible y datos analiticos. 

La fraccion proteica de la harina de pescado de la FIRI es usual mcnte de alta calidad. Si se adiciona en cantidadcs suficientes, la 
harina de pescado puedc incrementar en forma sensible el contenido de proteina asimilable del pan. Las ratas son capaces de utili/ar los 
constituyentes minerales de la harina de pescado, perp el de potasio ha resultado ser demasiado bajo con frccuencia para permitir un creci- 
miento normal cuando la harina de pescado es la unica fuente de minerales en la alimentacion. Formulas basadas en leche descremada en 
polvo o caseina han dado resultados uniformemente satisfactorios para el tratamicnto del "kwashiorkor" y mantener la cura en niftos conva- 
lecientes. Los experimentos rcalizados hasta ahora con dietas que conticncn de 10 a 40 por ciento de harina de pescado FIRI indican que las 
muestras de harina de pescado tienen caractedsticas que no las haccn convenientes para esta finalidad. El emplco de harina de pescado para 
prevenir el "kwashiorkor" todavia no se ha invcstigado. 



THE history of fish flour in South Africa starts in 
1937 when Dreosti in collaboration with F. S. 
Mendel began investigations aimed at producing a 
tasteless and odourless fish flour for enriching cereal 
products intended for human consumption. The result 
of this early trial is reported along with a general histori- 
cal account of more recent studies. Technological 
aspects of the later investigations are noted separately 
and include discussions on such variables of processing 



as types of fish and solvents used, yields of fish flour, 
extraction rates and methods, stripping of solvent and 
recovery of used solvent, and residues left after recovery 
of the solvent. Production in South Africa had to 
comply with some tentative specifications which are 
noted. Finally, a section on results obtained to determine 
the nutritive value of fish flour is reported and includes 
such considerations as chemical composition, bac- 
teriology and toxicity, the protein value as such and 



425 



Fish in Nutrition: As Human Food 



supplemental value of fish flour in bread, mineral 
content, and fish flour as a source of protein for remedy- 
ing and preventing kwashiorkor. 

Historical 

A product was developed from the initial investigations 
on fish flour processing which was virtually bland but 
which tended to revert to a slightly fishy or bitter taste 
upon prolonged storage. The project was discontinued 
temporarily due to lack of public interest. 

In 1951, the Minister of Health announced plans for 
the enrichment of staple foods with protein-rich materials, 
and both the Fishing Industry Research Institute 
(FIRI) and the Marine Oil Refiners (MOR) considered 
that they were able to produce neutral fish flour which 
could be incorporated in brown bread. Briefly, the 
primary aim in South Africa was to produce not the 
best fish flour in the world, but material that would be 
undetectable by odour or taste when used for protein 
enrichment. MOR employed a pressure extraction 
process operating at temperatures of 120'C and higher; 
while FIRI concentrated on extraction by means of 
ethyl alcohol at atmospheric pressure. FIRI found that 
its process retained the biological value of the protein, 
while the pressure process resulted in substantial damage 
to the biological value. 

After producing more than 1,000 tons of this fish flour 
and using it with complete acceptability for enriching 
brown bread, the industrial venture was temporarily 
suspended because the enriched bread did not reach those 
most in need of improvement of their diet, viz. non- 
European infants and young children. Nevertheless 
research is continuing with a view to using fish flour 
(and fish meal) in other ways for helping those sections 
of the population that are in urgent need of more good 
protein. 

The best and most economic process was found to be 
extraction by percolation of the solvent, at boiling point, 
through unground fish meal in a continuous counter- 
current flow system. Ethyl alcohol was the only solvent 
that removed the odour and flavour of fish, presscakc, 
and fish meal consistently well. The spent solvent was 
readily recovered by simple distillation, and deodorized 
by active charcoal in the vapour (or liquid) phase to 
remove fishy odours. The alcohol residues were dark, 
viscous, foul smelling acid materials, and were discarded. 
Fish meal was used in preference to fish because (i) of 
the erratic nature of the fishing operations explained 
by the original name, Cape of Storms, (ii) the extractor 
could be used regularly and continuously throughout the 
year, and (iii) a much smaller plant was needed than 
would have been the case if fish had been used. 

Both whole fish meal and ordinary fish meal were 
used, and the protein quality and the mineral and vita- 
min contents of the final products varied widely. The 
fish meal used by the operators of the pilot plant was not 
always made from perfectly fresh fish. Some batches 
were prepared from formalin-treated fish which had 



undergone partial enzymic autolysis. For these reasons 
it was impossible for the operators to produce fish flour 
of consistently uniform high quality. 

Nevertheless, the fish flour when added in small 
quantities to wheat flour enhanced the protein quality 
of the latter to an appreciable extent. This was proved 
consistently in Pretoria, Cape Town, the United King- 
dom, and Holland. 

The possibility of using fish flour in diets for protein 
deficient children is being studied at present. Both the 
National Nutrition Research Institute, Pretoria, and the 
Clinical Research Unit of the University of Cape Town 
used fish flour made in the old pilot plant for treating 
convalescent cases of kwashiorkor. The South African 
fish flour used in the Pretoria experiments, though it 
appeared to be free from toxic substances or harmful 
bacteria, was unsuitable as will be reported later when 
the nutritive value offish flour is considered. 

In contrast, the South African FIRI fish flour used 
at the University of Cape Town as a supplement of 
maize and pea flour gave good results. Briefly it was 
found that a mixture of maize 60, pea flour 30, and fish 
flour 10, having a protein content of 20 per cent, gave a 
nitrogen retention that was not different from that of a 
pure milk diet at protein intake levels both above and 
below 2-5 g. per kg. per day. A mixture containing 
maize 60, pea flour 30, and skim milk powder 18, having 
a protein content of 18 per cent, resulted in nitrogen 
retentions that were not different from that of a whole 
milk diet at all levels of protein intake. These studies 
demonstrated that relatively small amounts of fish flour 
(10 per cent) or milk powder (16-5 per cent) added to a 
2 : 1 maize-pea mixture gave protein with a nutritive 
value not different from that of a whole milk diet at all 
levels of protein intake. 

But the problems of marketing and use offish flour in 
the diets of those in need of extra protein in the distant 
rural areas remain the major issues to be solved before 
the product can be used effectively in combating mal- 
nutrition. 

Technological aspects. (Experiments at the Fishing 
Industry Research Institute, Cape Town.) 
Type of fish. Hake, maasbankcr, and pilchards have 
been used successfully. 

Solvents. A large number of solvents were tried in the 
early experiments. 

1. Hexane, heptane, cyclohexane, etc.: None of the 
solvents extracted as much material from the fish meal 
as ethyl alcohol but, although the extracted products 
were neutral in odour and flavour immediately after 
preparation, they acquired a slightly fish flavour or 
odour on storage at room temperature. In some in- 
stances this reversion occurred within a few days. 

2. Iso-butyl and iso-propyl alcohol: These solvents 
also extracted less material than ethyl alcohol; the fish 
flour retained a solvent taint even after prolonged 
steam stripping under vacuum. 

3. Acetone: This imparted a taint to the flour which 
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could not be conveniently removed by steam strip- 
ping. 

4. Ethyl alcohol plus 10 per cent ethyl acetate: This 
mixture gave a good final product; however, the inclu- 
sion of the ethyl acetate was unnecessary under condi- 
tions of thorough extraction, and the additional cost was 
therefore not justified. Moreover, corrosion of the plant 
was increased. 

5. Ethyl alcohol plus 10 per cent hexane: Alcohol 
containing up to 10 per cent hexane was used success- 
fully but the mixture gave additional recovery problems 
due to differences in boiling point. 

6. Water: Extraction by means of ordinary water at 
100C gave neutral products, but reversion occurred in 
some instances. There was also danger of lowering the 
biological value of the protein. Lower temperatures 
were not entirely satisfactory. 

7. Pressure extraction with hexane: Extraction of 
fish meals with hexane at 95 C imparted a musty flavour 
to the flour, and reversion occurred after storage for a 
week or so at 37C. 

As a result of these tests, and many others, it was 
decided that ethyl alcohol was the best solvent for 
extraction. 

Yield of fish flour. The yield of fish flour from fish meal 
depends on a number of factors, e.g. fat and moisture 
content of fish meal, its degree of fullness, soluble 
protein content, and moisture content of the alcohol. 

The highest yield is obtained by extracting dry, normal 
meal with alcohol having as low a moisture content as 
conveniently possible. A further advantage of drying 
the fish meal before extraction is that rectification of the 
used solvent is simplified and the cost reduced. 
Factors affecting rate of extraction. The finer the fish 
meal is ground, the more rapid the extraction when it is 
shaken with alcohol. However the difference in rate 
of extraction between normally milled meal, i.e. to pass 
10-mesh, and unground meal (as it comes from the 
drier) is far less than the difference between the rates 
for normally ground meal and very finely ground meal. 

This fact is important, as the rate of percolation of 
solvent through a layer of unground meal is much 
faster than through normally ground meal; and it is 
preferable to use unground meal for extraction by 
percolation. 

The temperature of the solvent during extraction has a 
considerable effect on the rate of extraction. The 
weights of extract (g.) per unit volume (c.c.) of solvent 
after various periods, for example 20 minutes extraction, 
could be crudely represented by the formula y = 0-0046X 
+ 0-237 where y = g. extract and X == temperature of 
extraction. 

Method of extraction. Basically two types of extraction 
were studied. 

1. Batch extraction: In this system, the fish meal is 
extracted in a horizontal rotary extractor or in any 
other extractor in which the fish meal is agitated. 

Different ratios of meal to solvent, viz. 1:3, 1:2, 



1 : 1 J, and 1 : 1 were tried using batch extraction. After 
20 minutes, amounts of material extracted were 13-2 
per cent, 134 per cent, 13-1 per cent, and 11-7 per cent 
of the weight of the fish meal respectively. 

The efficiency of batch extraction depends largely on 
the amount of hold-up between each extraction, and thus 
varies according to the method of filtration used. With 
vacuum draining the hold-up could be reduced to as 
little as 12 per cent of the weight of the meal ; with gravity 
draining it averaged about 60 per cent. On using 3 : 1 
ratio of alcohol to meal and applying vacuum filtering, 
the average percentages of the total extractable material 
removed in each successive 20 minutes extraction was 
70-3 per cent, 17-7 per cent, 6*1 per cent, 3*5 percent, and 
2-4 per cent. When solvents were re-used, as in counter- 
flow, larger amounts of material were extracted than 
with the new solvent for each successive extraction. 

The agitation of the fish meal in the batch system 
considerably increases the amount of fines passing 
150-mesh, e.g. from 1-1 per cent to 12 per cent for an 
ordinary fish meal and from 7-8 per cent to 294 per 
cent for a finely ground meal. 

2. Percolation: In this system the alcohol is made to 
pass through a layer of fish meal. In a counter-current 
system 6 cylinders of fish meal were used in series, the 
first in order of alcohol flow being removed each 20 
minutes and a new cylinder added at the end of the line. 

Samples of the meal were withdrawn for examination 
after steady counterflow had been established, as evi- 
denced by a constant composition of the used solvent 
leaving the extractor. Each of the 6 cylinders contained 
100 g. of unground fish meal plus 160 ml. alcohol of 
which 85 ml. was in the meal and 75 ml. in the space 
above it. When the average flow of alcohol was 1 12 ml. 
per 20 minutes, the meal was almost neutral. The 
residue in the spent solvent averaged 10-5 per cent based 
on the weight of the meal as against 12-5 per cent to 
13 per cent when meal of the same lot was batch-extracted 
five times in succession using a solvent to fish meal ratio 
of 3 : 1. In the latter case 15 ml. of alcohol were used 
per g. offish meal as compared with 1 -12 ml. per g. in the 
counterflow system. 

From further tests it became clear that neutral meal 
could be produced using this low solvent-to-mea! ratio 
in counterflow, provided that the rate of flow was re- 
duced and the extraction period thus increased. 

The rate of percolation of hot alcohol through fish 
meal was studied using columns of normal or unground 
fish meal approximately 1 square foot in cross section, 
the hot alcohol flowing downwards through the fish 
meal. The depth of fish meal varied between 9 in. and 
26 in. and the "head" of alcohol above the meal varied 
between in. and 13| in. 

The rate of percolation confirmed the theoretical 
consideration that, up to a height where compression of 
the lower layers occurs, the rate of percolation is inde- 
pendent of the height of the meal column, and is approxi- 
mately proportional to the square root of the "head" of 
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the supernatant liquid. Reversing the flow of solvent led 
to immediate channelling. 

Percolation through unground fish meal was rapid. 
For instance, the rates of percolation of hot alcohol 
through a column of fish meal of 12 in. depth were 0-9, 
5*6, and 8-12 Ib. per square foot per minute for fish 
meals that were finely ground (61 per cent retained by 
65 mesh), relatively coarsely ground (71-5 per cent 
retained on 65 mesh) and unground (83-2 per cent 
retained on 65 mesh) respectively. Moreover, the rate of 
extraction from unground fish meal is only slightly 
slower than for normally ground meal. Therefore un- 
ground meal was used for extraction by percolation and 
finely ground meal for batch extraction. 
Stripping of solvent from fish flour. Various methods of 
removing the last traces of solvent were tried. The 
flour was rendered solvent-free in about 10 minutes at 
80 U C either by air stripping at atmospheric pressure or 
under a vacuum of 10 in. or 20 in., using an air-flow of 
1,700 c.c. per minute, or by steam stripping under 26 in. 
vacuum using a steam flow of 2,500 c.c. per minute. 
Recovery of used solvent. Used solvent is readily re- 
covered and partially dehydrated by straight distillation 
with suitable temperature control. The condensed 
vapours, however, have a strong fishy odour. The 



alcohol is deodorized in the vapour phase or in the liquid 
phase by means of activated charcoal. About 6 per cent 
by weight of activated charcoal is needed. The charcoal 
is regenerated with steam at atmospheric pressure with- 
out removing it from the column in the plant. 
Residue. The residue left after recovery of the alcohol 
is a dark, viscous material, acidic in nature, with a strong 
odour. The residue is corrosive, but this can be over- 
come by neutralization. The high phosphorus content 
of the residue suggests that it might contain at least 25 
per cent phospholipids of the lecithin type. This material 
probably causes the emulsifying tendency of the residue, 
because of which the Leather Industries Research 
Institute found the material to be suitable, under certain 
conditions, for leather treatment. 

Fully dried residue has been found by the Fuel Re- 
search Institute, Pretoria, to have a calorific value of 
12,620 B.T.U. per Ib. and thus to be equivalent to coal of 
good quality. 

The Department of Botany of the University of Cape 
Town found that plant growth is promoted without 
damage to plants or soil at a dosage of 100 Ib. residue 
per acre. 

Fish flour specifications. The factory and plant had to 
comply with the general standards existing for the 



TABLE I 
Chemical composition of fish flour and certain protein-containing materials 



Fish Flour, FIRl 

1. Composite sample received January, 1957 

2. Composite sample received September, 1958 

3. Sample received January, 1958 
Average 

Fish Flour, VioBin 

\. Sample received August, 1957 

2. Sample received June, 1958 . 

3. Sample received August, 1958 
Average 

Skimmed Milk Powder 

1. Sample received December, 1958 . 

2. Sample received January, 1959 
Average ...... 

Groundnut Flour, Defatted 

1. Sample received May, 1958 . 

2. Sample received December, 1958 . 

3. Sample received December, 1958 . 
Average 

Soya Beans* Autoclave d, Defatted 

1. Sample received November, 1958 . 

Butter Beans 

1. Autoclaved and defatted, November, 1958 

2. Whole, received January, 1959 
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NOTE. The following factors were used in estimating protein content: fish flour N x 6-25; groundnut flour N x 5-46; milk powder 
N x 6-38; soya beans N x 5-71 ; butter beans N x 6-25. 
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manufacture of foodstuffs and the fish flour had to 
comply with the following tentative specifications: 

1. 100 per cent of the fish flour to pass a 55-mesh 
standard Tyler Screen (0-0082 in. aperture). 

2. To be free of all visible signs of mould, insect or 
other infestation. 

3. Maximum moisture content 8 per cent. 

4. Maximum fat content 0-7 per cent, by acid hydroly- 
sis. 

5. Minimum crude protein content of 75 per cent on a 
moisture- and fat-free basis. 

6. Maximum ash content 25 per cent. 

7. The biological value of the protein of the fish meal 
not to be impaired during extraction and drying. 

8. Addition of 4 per cent, based on the weight of the 
dry ingredients, not to affect the colour or flavour of 
brown bread. 

9. The flour to keep satisfactorily without reversion. 
The nutritive value of fish flour. (Experiments at the 
National Nutrition Research Institute, Pretoria.) 
Chemical composition. Comparison of chemical com- 
position of samples of two types of fish flour, one pre- 
pared by an American company (VioBin), the other 
prepared in South Africa by FIRI, with certain other 
protein-containing materials is presented in Table I. 
These data indicate in general that fish flour is an out- 
standing source of protein and certain minerals, especially 
calcium and phosphorus, but by no means as outstand- 
ing a source of the other nutrients studied, with the 
possible exception of iron. As a result of solvent extrac- 
tion the vitamin contents are reduced substantially 
below those present in fresh fish or fish meal from which 
the fish flour is made. 

In addition, F1RI fish flour contained appreciably less 
potassium than the fresh fish from which it was derived. 
Fish flours of the types tested up to now at the NNR1 
cannot, therefore, be regarded as equivalent in nutrient 
content to fresh fish. They do, moreover, differ con- 
siderably in composition from cow's milk, a point 
which should be noted by nutritionists and pediatricians 
when considering possible foods other than milk for the 
prevention of kwashiorkor. 

Bacteriology and toxicity. Fish flour produced by 
solvent extraction following the F1RI process has a 
high degree of bacteriological purity when it emerges 
from the extraction. Preliminary studies on the growth, 
breeding performance, and histopathology of rats 
receiving a diet of 28 per cent of FIRI fish flour or certain 
control diets for a period of 199-203 days revealed no 
evidence indicative of the presence of toxic substances in 
the fish flour. Growth and histopathological studies on 
the second generation of rats bred from the above rats, 
and raised on the same diet for 87 days, also showed no 
evidence suggestive of toxicity. 

The protein value of fish flour and its supplementary value 
in bread. The relative protein values of certain protein- 
containing substances, including those of FIRI and of 
VioBin fish flour are shown in Fig. 1. These results 



were obtained in protein evaluation tests with rats by 
the nitrogen balance method. In view of the results 
which have been obtained, fish flour clearly occupies a 
favourable position with regard to protein quality and 
assimilable protein content. Reasonably small amounts 
of these and other animal products are capable of pro- 
viding FAO's allowances of protein at all ages. 

The results obtained for the relative abilities of cer- 
tain supplements to provide extra assimilable protein 
when incorporated in 90 per cent extraction bread are 
shown in Table II. From a study of the figures given in 
the last column of Table II it can be seen that FIRI 
fish flour was much the best of the supplements tested as 
regards the ability to provide extra assimilable protein. 
It should be noted, however, that even at a level of 
supplementation of 4 per cent a large amount of bread 
would have to be eaten to provide sufficient amounts of 
extra assimilable protein to meet FAO's recommenda- 
tions regarding levels of supplementation for children. 
The extent to which benefits could be derived from these 
contributions under practical conditions would depend 
on a number of factors; such as, the existence of a need 
for extra assimilable protein, the extent of the need, and 
whether the diet is adequate in other respects apart from 
its protein component. 

The minerals in fish flour. Fish flour contains appreci- 
able amounts of various minerals, e.g., calcium, phos- 
phorus, iron, magnesium, sodium, potassium, etc.; 
the total ash amounting to about 20 per cent. 

A study was made of the weight gain, body length, 
femur length, femur ash content, liver iron content, and 
mineral balance of growing rats fed a diet in which 
FIRI fish flour provided the sole source of minerals, and 
of rats fed similar diets containing various added levels 
of a standard mineral mixture. 

In general, the results indicated that under the experi- 
mental conditions employed, the minerals in FIRI fish 
flour were available for utilization by the rat but that the 
mixture of minerals was not a complete one. The 
results of further work indicated that the low potassium 
content was the limiting factor in the mineral composition 
of the fish flour. 

Fish flour as a source of protein for kwashiorkor and 
convalescent kwashiorkor cases. In assessing the value 
of fish flour as a protein supplement, consideration 
should be given to its ability to promote recovery from, 
as well as its capacity to prevent kwashiorkor, a disease 
widely regarded as a type of protein malnutrition, pre- 
dominantly. In this connection, there are interesting 
results from experiments carried out to ascertain whether 
fish flour can be used to replace skimmed milk powder 
in the treatment of kwashiorkor in the convalescent 
stage. Two series of tests were made of this material as a 
feed supplement, one with a 40 per cent fish flour formula 
and the other with a 10 per cent fish flour formula. 

On the basis of the results it would appear that the 
experimental diets containing 10 or 40 per cent of the 
FIRI fish flour used in these tests (expressed on the 
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TABLE II 

The relative abilities of certain supplements to provide extra assimilable protein when incorporated in 
90 per cent extraction bread (data based on nitrogen balance experiments on rats) 

Number of Part s (by Gain in Assimilable 
Weight) added to 100 Parts No. of Rats used (equal Protein (g.) per Pound of 
of 90% Extraction Rate Added N as "o of Total N numbers of males andfe- Fresh Bread (moisture con- 
Supplement Wheaten Flour in Mixture males in all cases) tent 40' H ) 

SKIMMED MILK POWDER 0-00 8 0-00 

(commercial; roller-dried) 4 6-65 8 2-35 

8 12-27 8 4-34 

12 17-18 6 6-08 

SOYA BEANS . . 0-00 8 0-00 

(autoclaved ; ether- 2 3-20 8 1-14 

extracted) 4 6-89 8 2-46 

8 12-59 8 4-49 

16 2J-04 8 7-51 

L-LYSINEHC1 ... 0-00 8 0-00 

(DuPont) 0-1 0-73 8 1-85 

0-2 1-55 8 2-66 

0-4 2-67 8 2-68 

0-8 4-99 8 2-71 

1-6 10-93 8 2-80 

GROUNDNUT FLOUR . 0-00 8 0-00 

(commercial; defatted) 4 9-35 8 1-63 

8 16-95 8 2-95 

12 22-41 8 3-91 

FISH FLOUR (FIRI) . 0-00 10 0-00 

(composite sample 1 4-97 10 3-24 

prepared from 5 2 8-90 10 5-79 

different batches) 4 14-00 10 9-12 

PRFMIX .... 0-00 48 0-00 

(consists of groundnut 6-5 10-41 48 1-71 
flour, skimmed milk 
powder and calcium salts) 



basis of the dry ingredients) had characteristics which were more satisfactory than those of FIRI fish flour in 

rendered them unsuitable for the treatment of the treatment of convalescent kwashiorkor under the 

kwashiorkor in a considerable proportion of cases. conditions of the tests. Formulae based on skimmed 

The reasons underlying the unsatisfactory response to milk powder or casein have, however, been found to be 

these fish flour formulae are not yet clear, and are uniformly satisfactory for the above purpose, 
still being investigated. The prevention of kwashiorkor by the use of fish flour 

The samples of VioBin fish flour used in these tests in diets has not as yet been investigated. 
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TECHNOLOGICAL DEVELOPMENTS IN THE 
UNITED STATES OF AMERICA 

by 
E. R. PARISER 

The most outstanding, independent contribution of this country until today has been the development, by the VioBin Corporation 
of Monticello, Illinois, of a process of azeotropic dehydration and extraction of lipids from comminuted fresh fish. Plants are in operation 
capable of converting large volumes of fresh fish into fish flour. There have been developed some other types of fish flour and methods of 
producing it, a short description of which is given in the paper, but none of these processes has been developed beyond the pilot stage. 

Eminent American scientists have greatly contributed to the fish flour project by studying the nutritive values of both fish meal and 
fish flour. 

In 1957 UNICEF, in consultation with FAO, arranged for an investigation to be carried out by the Department of Food Technology 
of the Massachusetts Institute of Technology and in the course of these investigations the following processing methods were examined: 
vacuum drying of the comminuted fish suspended in oil; azeotropic dehydration and subsequent extraction with 95 per cent ethanol. The 
effect of process variables on the quality of the final product was investigated and the samples were then subjected to chemical, biological and 
organoleptic tests. The plans for further work concerning the development of fish flour are discussed. 

DEVELOPPEMENTS TECHNOLOGIQUES AUX ETATS-UNIS D'AMERIQUE 

La contribution la plus remarquable et la plus originate de ce pays jusqu'& ce jour a t la mise au point par la VioBin Corporation 
de Monticello, Illinois, d'un precede de dehydration azeotropique et cPextraction des lipides du poisson frais broye. Les installations en 
fonctionnemcnt sont capables de transformer de grandes quantites de poisson frais en farine alimentaire de poisson. D'autres types de farines 
alimcntaires et les mdthodes correspondantes de fabrication ont 6tc egalement mis au point; cet article en donne une breve description, mais 
aucun de ces process n'a etc developpe au deU du stade experimental. 

D'eminents savants americains ont apporte unc contribution importante au projet dc rechcrches conccrnant la farine de poisson, 
en 6tudiant la valeur nutritive dc la farine brute et cellc de la farine alimentaire. 

En 1957, PUNICEF, en consultation avec la FAO, a organis6 unc etude d'ensemblc que le Departement de Technologic Alimentaire 
du Massachusetts Institute of Technology s'est charge de conduirc; au cours de ces recherches, Pexamen a port6 sur les methodes suivantes de 
fabrication: dessication sous vide du poisson broye en suspension dans 1'huile; deshydration azdotropique suivie d'une extraction a 1'alcool 
ethylique 95 pour cent. Les effets des variables de fabrication sur la quality du produit fmi ont 6te etudies et les echantillons ont etc soumis 
des essais chimiques, biologiques et organoleptiques. L'article commente les programmes de travaux futurs concernant la farine de poisson. 

ADELANTOS TECNICOS EN LOS ESTADOS UNIDOS DE AMERICA 

La aportacion independiente mas notable de este pals hasta la fecha ha sido el descubrimiento, por la VioBin Corporation de Monti- 
cello, Illinois, de un procedimiento de deshidrataci6n azeotropica y extraction de los lipidos de pescado fresco pulverizado. Existen instala- 
ciones capaces de transformar grandes volumenes de pescado fresco en harina de pescado. Se han estudiado algunos otros tipos de harina de 
pescado y los procedimientos de fabricaci6n correspondientes, de los que se da una breve resefta en cste documento, pero ninguno dc los 
cuales ha sido puesto en practica todavia. 

Algunos eminentes investigadores americanos han contribuido grandemente al programa de estudios sobre la harina de pescado, 
estudiando tanto el valor nutritivo dc la harina de pescado para el consumo humano como el de la harina de pescado para piensos. 

En 1957, la UNICEF, en colaboracibn con la FAO, organize una investigaci6n para ser realizada por el Departamento de Tec- 
nologia Alimentaria del Institute de Tecnologia de Massachusetts, y en el curso de la cual se examinaron los siguientes metodos de fabrica- 
ci6n: desecaci6n al vacio de pescado triturado y puesto en suspension en aceite; deshidrataci6n azeotr6pica seguida de extracci6n con 
alcohol etilico al 95 por ciento. Se examin6 el efecto de las variables del tratamiento en la calidad del producto obtenido, y las muestras 
fueron sometidas a ensayos qulmicos, bio!6gicos y organolepticos. Se proyectan ultcriores trabajos concernientes al empleo de la harina de 
pescado. 



THE most notable contribution to fish flour pro- 
cessing in the United States is that of the VioBin 
Corporation, which is briefly discussed in this 
report along with other methods of which little is known. 
Nutritive evaluations of fish flour are noted and the 
results are reported in some detail of the UNICEF study 
to assess the effects of selected processing variables on 
the composition, protein quality, and organoleptic 
characteristics of fish flour. Finally, the objectives of 
future research contributions envisaged by the United 
States are detailed. 

Development of processing methods 

VioBin process. The VioBin Corporation of Monticello, 

Illinois, developed a process of azeotropic dehydration 



and extraction of lipids from comminuted fish. The 
United States patent issued in 1945 (24) describes the 
production of a dried, defatted enzymatic material by 
using a chlorinated hydrocarbon in an azeotropic 
distillation. Essentially the same method is used in the 
manufacture of fish flour from fish. For the production 
of a deodorized and tasteless concentrate, the dehydra- 
tion/defatting stage has to be followed by an extraction 
with another solvent such as methyl or ethyl alcohol. 

The VioBin process (further patents 25, 26) has pro- 
gressed beyond the pilot plant stage. The VioBin plant 
in New Bedford, Massachusetts, is in operation and 
capable of converting large volumes of fish into fish 
flour. 

In contrast to almost all of the other processing 
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methods that have been developed in this country, the 
engineering aspects of the VioBin process are well 
documented (9). A number of investigators have 
reported studies on the nutritive value of the finished 
product (4, 12, 19,21,29). 

General Foods process. The General Foods Corpora- 
tion Research Center in Tarrytown, New York, has 
developed a method for the production of two types of 
fish flour, one water-soluble, the other water-insoluble. 
Little is known about the technical details of manufac- 
ture or of the nutritional characteristics of the end 
products. 

Lever Brothers process. This firm was granted a United 
States patent (28) for a process by which the English 
inventors, Galliver and Holmes, claim to produce an 
entirely odourless and tasteless fish flour. The process 
consists of comminuting freshly-gutted fish, mixing it 
with 1 per cent of its weight of sodium sulphite and suf- 
ficient aqueous sodium hydroxide to raise the pH to 
10. The mass so obtained is drum-dried and the dried 
material extracted with acidified 95 per cent ethanol. At 
the completion of the extraction, residual alcohol is 
evaporated, the extracted material suspended in water, 
and the pH adjusted to 7. The material is filtered, washed 
with water, and finally tray-dried at 50C It is not known 
whether this processing method has been tested beyond 
the laboratory stage. 

L. Mandell process. In Providence, Rhode Island, a 
system has been devised of continuous counter-current 
solvent extraction in which meal or comminuted fish is 
processed in a battery of screw conveyors. The process 
is being patented and pilot-plant tests are planned at a 
fish meal plant in Gloucester, Massachusetts. 
Vacuum dehydration. Other processing methods in- 
clude the vacuum dehydration at 40 ( -50C of fresh fish 
with the help of a heat transfer medium (27). The com- 
minuted material is slurried with a vegetable or other 
edible oil and subjected, with agitation, to vacuum 
dehydration. The material is thus rapidly dried, and oil 
and other lipids removed from the meal by suitable 
means. Final deodorization of the dry material is effected 
by extraction with a polar solvent. It is not known 
whether large-scale tests have been conducted with this 
method. 

Evaluation of the nutritive value of fish flour 

Allison, Scrimshaw, Harper, Huntley, and others studied 
the nutritive value of both fish meal and fish flour of 
different origins, and the results obtained indicating the 
possible value of fish flour are well known (18). The 
nutritional value of fish flours manufactured on a 
pilot-plant scale was recently studied by Caroline H. 
Kurtzman at the University of Maryland (7). The results 
include a review of previous work in this field and point 
to certain differences in the protein content and quality 
of fish flour manufactured according to various methods. 
The Bureau of Commercial Fisheries of the United States 
Department of the Interior has investigated the nutritive 



value of fish flour at the Bureau's Technological Labora- 
tory at College Park, Maryland. Results in general have 
indicated that the protein quality of fish flour may be 
quite variable. An excellent review article on the use of 
fish flour for human consumption is that of Olden (14). 

UNICEF study 

In 1957, UNICEF through FAO, arranged for an inves- 
tigation by the Department of Food Technology of the 
Massachusetts Institute of Technology to assess the 
effects of certain selected processing variables upon the 
composition, protein quality, and organoleptic charac- 
teristics of fish flour. The following processing methods 
were studied: vacuum drying of the comminuted fish 
suspended in oil; azeotropic dehydration, with 1,2- 
dichloroethane, and extraction of moisture directly with 
95 per cent ethanol. 

The effect of processing variables on quality was 
investigated by preparing, in a pilot-plant supplied by 
UNICEF, experimental fish flour samples using five 
different processes. 

The results of this investigation can be summarized as 
follows : 

(i) The various methods mentioned above for the 
dehydration of fresh fish were found workable on a small 
pilot-plant scale. 

(ii) Under these conditions, ethanol will extract fish 
lipids extractable with hexane, as well as an appreciable 
amount not extractable with hexane. Successive extrac- 
tions with hexane then ethanol may be slightly more 
efficient than with ethanol alone. The extraction with 
warm ethanol proceeds in two distinct phases. Initially 
the rate of solvent exchange in the extraction vessel con- 
trols the rate of extraction ; thereafter, this is controlled 
by the solvent/meal contact time. During the latter state 
the size, shape, and porosity of the meal particles, as well 
as the solvent/meal contact time are important variables. 
Under otherwise identical conditions, the tendency to 
"fines" formation was greater with hexane than with 
warm 95 per cent ethanol. 

The following experimental fish flours were prepared 
to evaluate the effect of certain process variables on 
product quality: 

Fish flour 1 : Prepared from commercial Chilean 
Merluzza (hake) presscake meal by successive extrac- 
tions with commercial hexane and ethanol. 

Fish flour 2: As flour 1, but extracted only with 
ethanol. 

Fish flour 3: As flour 2, but given an acid soak and 
treatment with alkaline alcohol before final extraction. 

Fish flour 4: Prepared from fresh fish by dehydration 
with ethanol with further treatment as for flour 3. 

Fish flour 5: Prepared from fresh fish dehydrated 
azeotropically with 1,2-dichloroethane, and extracted 
with methanol. 

The following observations were made of these flours: 

The protein level in the flours was higher than in the 
respective raw materials due to removal of non-protein 
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components during extraction. Highest in protein was 
flour 4, which also showed a higher percentage of lysine 
in the protein than any of the other flours. Next highest 
in protein was flour 5, but the methionine content of 
this flour appeared to have suffered some damage. 
There was little difference between flours 1 , 2, and 3 in 
protein content and amino acid make-up. There was no 
significant difference in the nutritive quality of the protein 
between the 5 experimental flours when used as the 
sole source of protein in rat feeding studies. All flours 
gave markedly better growth than the casein control 
diet. 

All flours smelled faintly of fish, flours made from 
commercial meal slightly more so than those made from 
fresh fish. At 5 per cent of the wheat flour used, all fish 
flours gave fairly acceptable breads, although loaf 
volume and crumb colour were affected. Breads made 
with flours from fresh fish were judged to be fairly accept- 
able also at the 10 per cent level of addition. Flour 1 
gave slightly better results than flours 2 and 3. 

Future contributions 

Examination of information available on fish flour 
manufacture clearly points to the fact that a great deal of 
work must be done to ensure that a cheap product of 
high nutritive value can be produced from different 
species of fish. The Bureau of Commercial Fisheries of 
the United States Department of the Interior has recently 
initiated a program for further development of this 
important food product. 

It is planned that all available information regarding 
the manufacture offish flour will be collected and studied 
by staff of the Bureau and by an advisory group of experts 
in various scientific disciplines. Based on these findings 
and technical advice it will be attempted to design and 
fully test one or several processes that will : 

(a) require low initial capitalization; 

(b) be economical in operation; 

(c) be flexible for large and small-scale production; 

(d) be flexible to permit operation in those parts of the 
world where public utilities are limited ; 

(e) be flexible to permit the manufacture of a product 
that will be accepted by people who may have varying 
taste preferences, cultures, and taboos; 

(/) result in the production of a consistently uniform 
high-quality protein concentrate; 

(g) result in the production of a product that could be 
cheaply shipped to distant parts, could be stored for 
varying periods without quality loss and that could easily 
be incorporated into the local diets of undernourished 
people. 
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DISCUSSION 

MR. F. E. POPPER (FAO): Taylor's comment that the market 
for fish in the more developed countries is in a static con- 
dition is misleading. Use of national averages is danger- 
ous. The analysis of the different groups that make up the 
national averages shows that the consumption is not static, 
but varies with groups. Much could be done to improve this 
static condition by the production of new fishery products. In 
general, however, developing countries have more opportunity 
for increased consumption of fish products. 
MR. D. L. MCKERNAN (U.S.A.): 1 agree with Popper. The 
note of pessimism regarding drop in fish consumption with 
increase in income is not justified. The situation is too com- 
plicated to warrant the assumption that an improved standard 
of living brings about a decreased use of fish. The need for 
protein may not be met by meat. Fish is probably a more 
economical source of animal protein than meat. Reports 
from developing countries indicate the great need for fish for 
human food. Fish is available in many tropical areas where 
animals cannot thrive. 

MR. H. LOREDO (Mexico): In discussing fisheries, processing 
must be considered as well as production proper. In Mexico 
dried fish was given priority, since it synthesized the solution 
of the problems inherent in the handling and distribution of 
such fish products. To show interested manufacturers the 
possibilities of expanding their operations and to include 
other species of fish than at present commercially used, it is 
intended to establish a centre for technical research and 
demonstration for the drying of marine products on the 
northern Pacific coast. It is obvious that this or any fishery 
development policy is something more than a combination of 
natural resources and technological methods of exploitation. 
Fish and fishery products have economic value, because 
they satisfy a market demand. 

DR. J. VAN MAMEREN (Netherlands): Canning of lean fish has 
often been tried unsuccessfully in western European countries. 
This failure is not a matter of quality, but a lack of demand 
for the product. When producing for the tropical market, we 
should keep in mind these consumers who may not be too 
enthusiastic about new foods. Food technologists should 
bring to these people a product that satisfies their preference 
for certain flavours and tastes. With this in mind, we are now 
successfully introducing new fishery products. The decreasing 
fish consumption in western countries is due to inferior 
quality, as compared to other protein-rich foods, meat and 
dairy products. These foods are handled more carefully, with 
more attention to quality. Poor handling and preparation 
result in fishery products often being rated as second-class 
food. 

DR. R. A. TAYLOR (U.K.): Marketing is the most important 
problem. Producers of fishery products have a great deal to 
learn about the problems of trading. In regard to Mr. 
Popper's criticism of my statement on income elasticity in 
developed countries, 1 realize there are differences between 
income groups. My generalization was based on the assump- 
tion that the effect of any increase with improved living 
standards in the consumption of "luxury" type of fishery 
products would be likely to be cancelled out by a drop in the 
consumption of "inferior" products, i.e. fishery products 
characterized by negative income elasticity. 
DR. R. KREUZER (FAO): Marketing is very important also 
in the developing countries. New products must have con- 
sumer appeal. In Tunisia a new product was refused 



because it was unfamiliar to potential consumers. A fishery 
product adapted to Tunisian habits was developed and was 
readily accepted. Fishery product technology must go hand 
in hand with economic considerations. 
DR. G. VARELA (Spain): The demand for fish will increase in 
developed countries as well as in the developing countries. 
There is a relationship between increased income and fish 
consumption, but not between expenditures for food and for 
fish. Correlation coefficients of 0-57 and 0-04, respectively, 
were found for these relationships in Granada, Spain. Many 
other factors in addition to income are involved in determining 
demand for fish. 

DR. G. M. DREOSTI (South Africa): More than most people 
realize, consumption depends to a great extent on the quality 
and uniformity of quality. Experience in improving pickled 
fish confirmed this in South Africa. A great increase in de- 
mand resulted when the quality of this product was improved 
and maintained. 

PROF. B. C. GUHA (India): The fishing industry in developed 
countries may be marginal, but in developing countries fish 
consumption is capable of considerable expansion. In some 
areas the rise in fish consumption is limited by the availability 
of fishery products or by the price of the commodity. In 
areas where there is a limited market for fish, the consumption 
can be increased by improved quality and distribution. In 
many areas the establishment of cooperatives may help to 
eliminate monopolies, decrease prices and increase fish con- 
sumption. 

DR. R. KREUZER (FAO): Increasing living standards will not 
necessarily increase fish consumption. Fish products must 
be marketed in a form that appeals to the consumer. Efforts 
should be made to develop new products or variations of 
existing ones. In Japan, where fish consumption has been the 
highest in the world, a trend from fish to meat has accom- 
panied an increase in the standard of living. To combat this 
trend a fish sausage, with a meat flavour and no fishy odour, 
was developed. This has high consumer acceptance and sub- 
stitutes for meat which is too expensive for the average 
citizen. 

MR. C. BUTLER (U.S.A.) summarized the status offish flour 
processing research as a basis for the discussion. 
DR. A. G. VAN VEEN (FAO): Why did FAO attempt to pro- 
mote fish flour? Dried salt fish, even though very cheap, does 
not keep well. It was thought that fish flour might offer the 
following advantages: (1) can be cheaply produced, (2) can 
have high nutritive value, (3) can be stored without deteriora- 
tion, (4) does not require special containers, cheap to trans- 
port, and (5) acceptable to various population groups. Work 
has shown that, in addition to technological problems, such as 
nutritional loss in processing, variations in batches and con- 
sistency, fish flour also has acceptance problems. FAO has 
tested fish flour throughout the world, in 25 to 30 countries 
both developed and developing. On the basis of these tests, it is 
suggested that the following should be carried on : (1 ) a deter- 
mination of the acceptable uses of fish flour; (2) research and 
marketing; (3) promotional campaigns and education. The 
whole programme may meet failure, if such studies are not 
done. 

DR. J. A. LOVFRN (U.K.): At the International Fish Meal 
Conference in Rome, the main result of the meetings of fish 
flour "Committee B'* was the development of recommenda- 
tions regarding specifications for fish flour types A and B; 
defatted and non-extracted products respectively. 
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DR. M. MILNER (UNICEF) reported on the activities of the 
fish flour plant in Chile. In 1958 the Chilean plant first made 
fish meals and fish flours. Difficulties were encountered in the 
processing of fresh fish. The operations stopped; the diffi- 
culties remedied; and operations reopened in mid-1961. A 
number of experimental runs were made, in which the dried 
fish were extracted with hexane, ethanol, or both. The 
following data are typical analyses of fish flours extracted 
with these solvents. 

Solvents 
Hexane Ethanol 



Moisture 

Fat 

Crude protein 

Ash . 

Lysine . 

Acid insoluble ash 



8-25 

1-16 

79-95 

14-73 

7-87 

0-19 



7-62 

0-76 

78-63 

16-59 

8-40 

0-19 



The acceptability of these products is being tested in school- 
feeding schemes in Santiago, Chile. 

MR. R. MEESEMAECKER (Morocco): Morocco was one of the 
first to produce fish flour and conduct large-scale accept- 
ability tests in hospitals and schools. The flour was also sold 
in stores and used in medical studies. Since the potential 
production exceeds the country's needs, Morocco could 
export fish flour if demand existed. Fish flour, however, is not 
the most important protein resource, for dried, smoked, 
canned and frozen fish are important protein foods and have 
ready consumer acceptance in this and other African coun- 
tries. Canned sardines, tuna, and other species are exported 
throughout the world and contribute greatly to maintaining a 
protein balance in the African countries. Morocco has also 
developed a high protein fish paste that is very acceptable to 
Africans. All these products can be improved by studies of 
quality and preservation methods. It is recommended that 
FAO does not overlook the conventional means of fish 
preservation in future research. Total effort should not go to 
fish flour studies. 

DR. C. L. CUTTING (U.K.): Ten years ago, the first FAO 
conference on fish processing technology, in Bergen, set up 
four working groups, one of which was on fishery products 
for tropical areas. After reporting to the Rotterdam Con- 
ference in 1956, this group was inactivated due to insufficient 
funds. The group should be reactivated to assist FAO in 
overcoming the gap revealed in this Conference between 
technology research in member countries and its application 
in developing countries. It is recommended that at least one 
new fish technologist should be added to FAO's Fish Pro- 
cessing Section especially to maintain contact with members 
of the working group, agencies and governments. 
MR. D. L. MCKERNAN (U.S.A.) asked if Dr. Cutting suggested 
reactivating the original committee or did he propose to 
broaden the group. 

DR. C. L. CUTTING (U.K.): In view of the widespread 
interest in the subject, membership of the working group 
should be broadened accordingly. 

MR. C. GONZALES (FAO): Each country should develop its 
own processing techniques for fish flour. The fish flour should 
not only be tested for protein quality, but for keeping quality 
during storage and transportation. Consumption of fish 
flour by humans could be dangerous, especially in tropical 
areas, unless there are adequate controls of the product 
quality. The economic status of a country will determine when 



the studies of fish flour processing will be started. In the mean- 
time, efforts should be made to improve the methods of salting 
and drying fish. We must keep in mind that at present 
25-40 per cent of the people in developing countries eat 
salted dried fish. In tropical countries in urgent need of 
improvement of nutritional standards, this type of product can 
be developed as a "cottage industry" in which the "proces- 
sors" salt and dry the fish in the sun. 
DR. B. HALLGREN (Sweden): There is no prohibition in 
Sweden against the use of whole fish in fish flours, which are 
sold as such. However, this delegation is still not certain that 
fish flours made with chlorinated hydrocarbons are safe and 
non-toxic. This has still to be proven. 
MR. H. LOREDO (Mexico): Several Mexican plants produce 
fish meals, but only meet about 40 per cent of needs. Most 
imports come from Peru. Because of the tremendous fishery 
resource and processing advances made in Peru, it is suggested 
that one of the fishery technological centres that I recom- 
mended should be created by FAO to train personnel might 
be located in that country. 

MR. C. PAUTZKE (U.S.A.): Old methods for preserving fish 
must not be overlooked in the development of new methods. 
Canning is still a good method. Since canned products are 
widely used and accepted, their costs are reduced and, as a 
consequence, canned fishery products reach many peoples of 
varying incomes. Nowhere in universities, industries, or 
governmental agencies do we have studies on the nutritional 
evaluations of all types of fishery products, especially for 
humans. United States and FAO should be encouraged to 
study nutritive value of fishery products for humans. 
MR. J. M. GARDINER (U.K.): There are ample supplies of 
high-quality raw material for fish flour. In U.S.A., menhaden 
from refrigerated boats are available, while in Norway, 
Peru, and South Africa the fish are taken in cold waters and/or 
very near the coasts so that fish reach the plants in good 
condition. Whitefish offal also is handled rapidly so as to be 
a good raw material. Many plants are already able to meet 
specifications for type B flours and existing plants could 
supply world needs for some time ahead. More difficult 
problems are likely to be financial and educational. However, 
since many of the leading scientists are members of the 
association and advisers to their country's meal industry, 
FAO can count on the utmost cooperation of the industry. 
Fish flour is already being processed in the United States by an 
azeotropic process, and a pilot plant is being erected by a 
menhaden company. To succeed in the developing countries, 
a programme of education is needed, and foods must be de- 
veloped that are not only good nutritionally but have accept- 
able flavours. The Fish Meal Manufacturers Association 
looks forward to further discussions with FAO and with 
Bureau of Commercial Fisheries representatives at the 
coming conference in Lisbon. 

MRS. C. H. KURTZMAN (U.S.A.): Fish flour must not only be 
acceptable in flavour and colour, but also in texture. At 
present it does not disperse well in liquids or in a baked 
product. It is gritty, and during baking there is often a re- 
lease of volatile substances which are not pleasant. 
DR. D. G. SNYDER (U.S.A.): We should clearly distinguish 
between market acceptability of fish flour and the nutritive 
quality of the protein. Dr. Combs cautioned us that we are 
not talking about protein, as such, but amino acids and 
especially the presence of the amino acids needed to upgrade 
the vegetable proteins. Therefore, a process that will produce 
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a consistently high quality protein is more important now 
than studies in acceptability and marketing. 
DR. G. M. DREOSTI (South Africa): No toxic residues were 
found when ethanol was the extracting solvent. More work 
should be done to develop a product lighter in colour and 
finer in texture. 

PROF. B. C. GUHA (India): Mixing fish flour with other sub- 
stances will camouflage the grittiness, and other ways may be 
found to increase acceptance by moulding mixtures in con- 
ventional shapes. 

DR. G. M. DREOSTI (South Africa): Morocco now makes a 
neutral fish flour with 0-1 per cent residual fat. If there is 



more than 0-1 per cent fat, there is a reversion of flavour. It 
costs very little, however, to make an extraction so as to 
reduce fat content below 2-5 per cent. Three classifications of 
fish flours arc suggested : Class A less than 1 per cent fat : 
Class B present Class A ; Class C present Class B. 
DR. H. L. A. TARR (Canada): proposed that FAO hold a 
symposium covering the significance of fundamental research 
in successful utilization offish to be used as a basis for techno- 
logical development. He would further recommend that the 
symposium include reports from laboratories concerned with 
chemical, biochemical, physiological, microbiological and 
nutritional research. 
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Act in 

extractability, 85 

isolation, 69 

precipitation, 70 

viscosity, 71 
Actomyosin, 69, 71, 148 

solubility, 148 

viscosity, 71 
Alaskan Pollack (Theragra ctialcoxramma), 

non-myosin content, 225 
Albacore (Germo alalunga). Vitamin B- 

complex content, 127, 136 
Alkoxydiglycerides, 87 

skark liver oil, in, 94 
Amberjacks (Seriola spp.), Vitamin B- 

complex content, 1 37 
Amino acids 

contents of foods, 254 

essential, see Essential amino acids 

fish bones, in, 159 

free, 62, 63, 65 

levels and balance, poultry feeding, in, 
47 

non-essential, 252 

sparing action of, 253 

processing, effect of, 66, 154, 155, 156, 

172, 187,205 
Amino acid composition of fish, 61, 73, 

also see Composition of fish - amino 

acids 

Amino acids requirements of humans, 251, 
254 

factors affecting, 253 

interrelationship, 253 

pattern of, 253, 254 

variability, 253 
Ami Shiokara, 130 
Ammodytes, mineral content, 131 
Anchovies (Kngranlis spp.), 136 

composition, 57 

type of, 57 

use in pig feeding, 353 

vitamin B-complex, 1 36 
Angler fish (Lophius piscatorius) 

lipid hydrolysis, during frozen storage, 
107 

nutritive value, 259 

total phospholipids content, 90 
Animal feeds 

amino acid quality of, 49 

biological conversion, 44 

direct supplementation of amino acids, 
in, 47 

formulation, 48, 49 

partial nutrition worth, 48 
Animal products, nutritive value, 44 
Antibiotics in fish preservation, effect on 

nutritive value offish proteins, 259 
Antioxidants, 113 

use in fish meal, 322 
Aquatic animals, mineral content, 131 
Aquatic invertebrates, lipids, composition 

of, 98, 99 
Aquatic plants, marine, fluctuations in 

abundance, 6 

Aquatic populations, see Population 
Aquatic systems, human intervention, 16 

man as disturber, 1 6 

Pollution and related activities, 18 

effects on aquatic organisms, 19 

man as modifier, 16, 19 

positive intervention, 19 

possibilities in the sea, 20 

bases for realization, 21 

man as predator, 16 

removal activities, 17 



Arginine 

eggs, in, 40 

fish, in, 40 

protein foods, in, 40 
Atherosclerosis, see Cardiovascular diseases 



Bagoong, 184 

bacterial spoilage, 184 

storage temperature, effect of, 191 
Batyl alcohol, 97 
Beef, muscle peptidases, 81 
Bigeye Tuna (Parathunnus obesus), vitamin 

B-complex content, 1 36 
Biological population, see Population 
Biomass, 3, 10 

aquatic, 3, 9, 10 

- marine fish, 3, 4 

potential harvest, 3 

benthic, 3, 8 

relation with fish catch, 8 

community in, 1 1 

community reduction, 17 

definition, 1 1 

dynamic equilibrium, 16 

ecosystems, see Ecosystem 

fluctuation of, 13 

future, of the, 21 

species, 11 
Biosphere, 10 

aquatic, 10 

Biotin, see Vitamin B-complex 
Black Sea Bass (Stereolepsis gigas), vitamin 

B-complex content, 1 37 
Blood Cholesterol, cardiovascular diseases, 

in relation to, 278 
Bluefin tuna (Thunnas orientalis) 

non-myosin control, 225 

vitamin B-complex content, 1 36 
Bristling (Clupea sprat tus), vitamin B- 

complex content, 1 36 
Buffalo fish (Ictiohus cyprinellm VaL)< 

nutritive value, 257 
Butter clams (Saxidomus nut tall), chemical 

composition, 57 
B-vitamins, see Vitamin B-complex 



Calcium, requirement, recommended, 251 

Calories, consumption, 40 

Canning, tuna, vitamin B-complcx, loss of, 

128 
Cardiovascular diseases, 278, 280, 282, 284 

hypercholesteremia, 282 

use offish in the control of, 292 
Carp (Cyprinus spp.) 

albumins, 74 

aldolase, 74 

glyccraldehydc dehydrogenase, 74 

muscle extracts, composition of, 74 

muscle proteins, 75 

amino acid, composition of, 75 
myogen, 71 

myoglobin, 71 
nucleotropomyosin, 71 
vitamin B-complex content, 1 34 

Catfish (Ictalurus nehulosus), nutritive value, 
258 

Cathepsin 
activity, 85 
mammalian tissues, in, 81 

Cerebrosides, 88 

Chemical composition of fish, see Compo- 
sition of fish 

Chimyl alcohol, 97 



China, mainland 
fish production, 32 

potential, 32 

*Chirlas' (Mactra heeivacca), nutritive value, 

259 
Cholesterol 

cod, 90 

haddock, 90 

rainbow trout, 90 
Clam 

mineral content, 131 

vitamin B-complcx content, 138 
Cod (Gadus spp.) 

act in, 74 

actomyosin, solubility of, 148 

cathepsin, 80 

cholesterol, 90 

mineral content, 131 

muscle cathepsin, properties of, 82 

muscle peptidases, 81 

muscle proteinases, 82 

myogen, 71 

myosin, 74 

nutritive value, 259 

phosphatides of, 88 

phospholipids of, 90 

proteinases, Kidney, 83 

proteolysis during storage abroad, 81 

spleen cathepsin, properties of, 82 
Cod Atlantic (Gadus morrhua), vitamin 

B-complex content, 135 
Cod, dehydrated 

Lipid hydrolysis, 104 

phospholipids, composition of, 105 
Cod, frozen, lipid hydrolysis, during 

storage, 107 
Cod liver meal 

use in Ruminant nutrition, 32 

dairy cow feeding, 326 
Cod liver oil 

blood serum lipids, effect on, 290, 291 

composition, 96 

molecular distillation, 118 

toxicity to pigs, 344 
Cod, pacific (Gadus macrocephalus) 

protein composition, 57 

vitamin B-complex content, 135 
Communities, 1 1 

changes of, 1 1 

climax-community, 1 3 

fluctuation, 14 

oscillation, 14 

patterns of, 1 1 

biographic areas, 1 1 

marine biota, 1 1 

relative production efficiency, 16 
serial succession, 1 3 
Composition of fish, 53, 61, 68, 73, 76, 78, 

125, 132 
amino acids, 261 

tryptophan (of flesh), 261 
biological factors, effect of, 76 
changes in, cn/ymic, 85 
lipids, 56 

phosphatides, 288 
minerals, 41, 131 

effects of processing, 125 
protein, 40, 56 

amino acids, 274 
proximate, 55, 56 

- average, 56 

edible portion, 56 

ranges, 56 
variations, 56 
vitamins, 41, 126 
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Composition of fish continued 
vitamins continued 

B-complex, 84, 132, 138, 141 

effects of processing, 125 
relation with size, 1 35 

Composition of food, 254 

Conger eel (Conger conger), vitamin A 

content, 127 
Continental shelf 

Atlantic, northwest, 4 

productivity, 4 
Demersae species, 4 

harvest, from, 4 
Pelagic species, 4 
potential harvest, 6 

Crabs (Cancer spp.), B-vitamins, in, 138 
Crayfish (Neophrops norvegicus), B-vitamins, 

in, 138 
Croaker (Sciaena regia Assolt), nutritive 

value, 259 
Crustacean 

lipids, composition of, 99 

vitamin B-complex content, in, 138 
Cusk (Brosme brosme\ vitamin B-complex, 

content of, 135 
Cuttlefish (Sepiola spp.) 

liver oil 

effect on cholesterol metabolism in 

rats, 294 
Cystine 
cereals, in, 45 
fish, in, 40 
fish meal, in, 45 
meat scrap, in, 45 
milo, in, 45 
oil seed meal, in, 45 
protein food, in, 40 
tankage, in, 45 



Dab (Limamla limanda) 

lipid hydrolysis, during frozen storage, 
107 

total phosnholipids, 90 
Dehydrated fish, see Fish, dried 
Dietary allowances, recommended, 251 
Dogfish (Squalux spp.) 

lipid hydrolysis, during frozen storage, 
107 

liver oil, composition of, 97 

total phospholipids, 90 

vitamin B-complex content, 137 
Dog salmon, vitamin A content, 127 
Dried fish, see Fish, dried 
Drum (Sciaena spp.), vitamin B-complex 

content, 137 



Ecological concepts, 1 1 
Ecosystem(s), 1 1 

biological component of, 1 1 

biomass, 16 

determinate factor of, 1 1 

supply component of, 1 1 
Eels 

vitamin A content, 127 

vitamin B-complex content of, 134, 137 
Egg, essential amino acids, in, 40 
Elasmobranchs 

depot lipids, 87 

squalene, 88 
liver oil, 94 

composition, 97 
Enzymes in fish, 80, 83 

cathepsins, 80, 81 
glycolytic, 75 
peptidases, 80 
proteolytic, 65, 80, 83 
Essential amino acids 
fish, in, 40 



Essential amino acids continued 
minimum requirements, in man, 252 
pattern of requirements, 253, 254 

application of, 254 
protein foods, in, 40, 45 

Essential fatty acids, 278 
cardiovascular diseases, in relation to, 284 

Fats, see Lipids 

Fermented fish, AW Fish, fermented 

Feeds tuffs, see Animal feeds 

Fermented fishery products, see Fish, 
fermented 

Fermenting, fish 
acceleration of process, 1 9 1 
acid hydrolysis, 192 
alkali hydrolysis, 193 
ammonia formation, 184 
bacterial growth during hydrolysis, 184 
enzyme preparation, use in, 192 
hydrolysis, quality changes during, 184 
improvements, need for, 195, 232 
methods and equipment, 181, 188 
mould, 189, 190 

- chemical changes caused by, 189, 190 

use of, 189 

nutritive value, effect on, 180 
proteolytic enzymes 

organ differences, 182 
role of. 181 

seasonal difference, 182 

- species difference, 181 
salt 

concentration, effect of, 183 

- impurity, effect of, 183, 184 

quantity added, 183 

rdleof, 182 

temperature rise, effect of, 191 
time required, 184 
vitamins, loss of, 129 

Fish 

animal feeding, use in, 43, 303 
cardiovascular diseases, in relation to, 284 
contribution to world protein food, 25 
control of hypcrcholesteremia, in the, 292 
control of obesity, in the, 292 
definition, 87 
freshwater, 27 

nutritive value, see Nutritive value offish 
prevention of protein deficiency, in, 254 
social behaviour, 4 
utilization, 34, 35 

Fish as human food, 39 

Fish as source of protein, 246, 254 

Fish available for human consumption, 238 
average quantities in selected countries, 
243 

Argentina, 238 
Australia, 238 

Canada, 238 

- Chile, 238 

Denmark, 238 

- Egypt, 238 

Finland, 238 

France, 238 

India, 238 

Israel, 238 
-- Italy, 238 

Japan, 238 

- New Zealand, 238 

Norway, 238 

Oceania, 238 

- South Africa, 238 

Turkey, 238 

- U.S.A., 238 

calcium content, 241, 243, 245 
calorie content, 239, 243 
fat content, 242, 244 
protein content, 240, 243, 244 
vitamin B-complex content, 245 



Fish, boiled 

non-myosin content, 225 

texture, 225 
Fish, canned, 156 
Fish consumption 

blood cholesterol, effect on, 280 

cardiovascular diseases, in relation to, 284 

economic conditions, effect of, 51 

factors restricting, 37, 246, 247 

food habits, effect of, 51 

quality available for human consumption, 
see Fish available for human consump- 
tion 

Fish culture, paddy fields, 30 
Fish, dried, 294 

toxicity of oil, 294 
Fish, fried, biological value, 259 
Fisheries 

Africa, 30 

America, North, 30 

America, South, 31 

Asia, 32 

China, mainland, 32 
Europe, 33 
Oceania, 33 
U.S.S.R., 33 

Fish, fermented, 195, 196 

Ami Shiokara, see Ami Shiokara 

ammo-acid composition, 187 

composition, 130, 186, 187 

concentration, 193 

flavour developing flora, 185 

Funasushi, see Funasushi 

Ika-Shiokara, see Ika-Shiokara 

Japanese, 130 

Katsuobushi, see Katsuobushi 

Katsuo-shiokara, see Katsuo-Shiokara 

Konowata, see Konowata 

Kusaya, see Kusaya 

Mam-chao, see Mam-chao 

mineral content, 130, 193 

Nuoc-mam, see Nuoc-mam 

Oil. decomposition, 187 

Pedah-Siam see Pedah-Siam 

quality control, 194 

salt, content of, 188 

South-east Asia, 180 

toxicity, 194 

vitamin content, 130, 193 
Fish flour, 201, 228, 264, 271, 41 1, 412, 415, 
418,424,431 

acceptability, 276 

bacteriological quality, 275 

comparison with dried fish, 254 

composition, 228 

effect of processing variables, 226 
consumption, present, 275 

cost, 275, 276 
developments to date, 412 
-- Canada, 412 

Iceland, 415 

Scandinavia, 418 

South Africa, 424 
-- U.S.A., 431 

level required in diet, 275 
methods and equipment 
-- Dabsch process, 202 

Firi process, 202 

Guttmann-Vandenheuvel process, 202 

Viobin process, 202 

Vogel process, 202 

Nutritive value, 201, 202, 203, 232, 263. 

264,265,271,272,274 
- biological value, 203 

digestibility co-efficient, 204 

net protein ratio, 205 

net protein utilization, 203, 204 

processing variables, effect of, 228 

protein efficiency ratio, 202, 203 

solvent extraction, effect of, 201, 204 
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Fish flour continued 
solvent extraction, 201 

effect of, 201 

lysine availability, effect on, 205, 232 
supplementation in diet, effect of, 255 
toxicity, 205, 275 

use as protein supplement, 264, 265 

use to enrich biscuits, 275 

use to enrich cornflour, 266, 268, 269 

use to enrich wheat flour, 272 

use in treatment of infantile malnutrition, 
271 

use in treatment of protein malnutrition, 

276 
Fish, fresh 

methionine sulphoxide, pressure of, 232 

non-myosin content of, 225 

use in pig feeding, 345 
Fish, frozen 

lipid hydrolysis, in storage, 107 

nutritive value, effect on, 155 
Fish, handling, refrigerated sea-water stor- 
age, see Refrigerated sea-water storage 
Fish, hydrolysates 

composition, 194 

aminp acid, 193 
Fish in animal feeding, 43 

Fishing, International Weather Report 

Service, 28 

Fishing grounds, important, productivity, 5 
Fish in human nutrition, 39 
Fish, irradiated 

market feasibility, 209 

nutritive value, 207, 212, 216 

assessment of, 208 
sensory assessment of, 211 
shelf life, extension of, 212 
storage life at chill temperature, 213 

Fish irradiation, see Irradiating fish 

Fish jelly products, loss of vitamins in 

processing, 129 

Fish landing, see Fish production 
Fish liver residues, use in pig feeding, 348 
Fish meal, 230, 303, 310, 312, 320, 326, 364, 
366 

analysis, recommended procedure, 316 

animal feeding, use in, 48 

other proteins, effect of, 48 

tolerance level, 48 

changes caused by processing, 314 

lipids, 314 

proteins, 314 

drying, in, 314 

rendering, in, 314 

storage, in, 314 

composition, 130, 320, 333, 334, 335 

amino acids, 318, 335 

minerals, 130,321, 335 
trace elements, 318 

proximate, 130, 321, 335 

vitamins, 130, 318, 320, 321, 335 
digestibility, 325 

essential amino acid content of, 254 
good quality product, composition of, 317 
herring, see Fish meal, herring 
loss of vitamins, during processing, 129 
nutritive value, 44, 320, 356, 364, 366 

effect of cooking, on, 305 

effect of curing, on, 306 

effect of dry rendering, on, 307 
- effect of drying, on, 305 

effect of handling of raw material, 305 

effect of preservatives in raw material, 

on, 305 

effect of pressing, on, 305 

effect of processing, on, 303 

effect of storage, on, 306 

effect of storage of raw material, on, 

305 

effect of wet rendering, on, 304 



Fish meal continued 
preservatives, in 

toxicity of nitrites, 348 
processing and marketing variables, 303 
production, 31 

Peru, in, 31 
quality control, 334 
quality grades, 49, 337 

quality standard, recommended, 316 
raw material, preservation of, 305 
sanitary control, 323 
self-heating, 115 
source of amino acid, as, 46 

rations for broilers, in, 46 

rations for laying hens, in, 46 
supplement to other animal feeds, as, 366 
toxicity of oil, 294 

unidentified growth factor, 45 
use of antioxidants, 322 
use in pig feeding, 33, 335 

acceptability, 336 

comparison with other protein sup- 

plements, 340 

component oil, effect of, 343, 344 

quality requirements, 336 

quantity requirements, 338, 339, 340 

toxicity, 348 

use in poultry feeding, 356 
use in preparation offish paste, 189, 190 
utilization, problems of, 312 
Fish meal, anchovy 
composition, 321 

minerals, 321 

proximate, 321 

vitamins, 321 
Fish meal, cod 

chemical composition, 321 

mineral, 321 

proximate, 321 

vitamins, 321 

Fish meal, crab, use in pig feeding, 348 
Fish meal, dolphins, use in pig feeding, 

348 

Fish meal, eel, use in pig feeding, 348 
Fish meal, herring, 230 

composition, 321, 322, 333 

minerals, 321 

proximate, 321 

vitamins, 321 
lipids 

deterioration in storage, 230 

nutritive value, 230 

loss of lysine, in processing, 310, 311 

use in feeding cattle, 328 

use in feeding dairy cows, 324, 325, 326, 

327, 330 

use in feeding goats, 328 
use in feeding ruminants, 324, 329 

acceptability, 329 
use in feeding sheep, 328 

Fish meal, lobster, use in feeding pig, 348 
Fish meal, menhaden 
composition, 318, 333 

proteins, 318, 320 

Fish meal, mussel, use in feeding pig, 348 
Fish meal, pilchard 
composition, 321 

minerals, 321 

proximate, 321 

vitamins, 321 
Fish meal, redfish 

composition, 321, 333 

minerals, 321 

proximate, 321 

vitamins, 321 

Fish meal, sardines, composition, 333 
Fish meal, sea bream, use in feeding pig, 348 
Fish meal, shark, use in feeding pig, 348 
Fish meal, shrimp, use in feeding pig, 348 
Fish meal, tuna, composition, 333 



Fish meal, whitefish 
composition, 333 

vitamin B-complex, 326 
use in feeding dairy cows, 326 

Fish paste 

composition, 189 

niacin, in, 139 
Fish paste (unfermented), use in feeding 

.Pig, 348 

Fish processing, see Processing, fish 
Fish product(s), 125, 284 

cardiovascular diseases, in relation to, 284 

composition, 125 

consumer reaction, 274 

formol content of, 78, 79 

nutritive value, 44 

oxidation, 115 

use in feeding animals, 47, 303 

effect on animal flesh, 47 

justification of, 50 

use in feeding pig, 322, 345 

breeding stock and baby pigs, 347 

effect on carcass quality, 345 
use in feeding ruminants, 324 
vitamin contents, 125, 141 

Fish products in animal nutrition, 47, 303 
fur-bearing animal nutrition, 374, 381 
nutritive value, 303, 310, 370 

digestibility, 364 

effect of processing, 303 

metabolizable energy, 364 
pig nutrition, in, 332 

poultry nutrition, 356, 366, 368, 370 
problems in utilization, 312 
ruminant nutrition, 324 
Fish production, 23, 26, 31 
China, mainland, 32 
food economy, importance in, 23 
freshwater, 27 

increased production, implications of, 274 
Japan, 126 
Peru, 31 
world, 26, 27 

by continents, 27 

marine, 4 

potential, 27 
Fish protcin(s), 248 

amino acid composition, 73, 274 
human nutrition, importance in, 248 
muscle, 73, 85 

nutritive value, 201, 259, 263 
prevention of protein malnutrition, in, 

248 
processing, effect of, 154, 155, 156, 163, 

172, 186, 201 
sarcoplasmic, 74 
solvent extraction, effect of, 275 
stroma protein, 85 
structural, 74 

stability, 85 
Fish sausage, 226, 232 

composition, 227 

keeping qualities, 232 

loss of vitamins, during processing, 129 
Fish silage, 159 

use in feeding pig, 346 
Fish solubles, 320 

composition, 130, 315, 321 

-- minerals, 130 

proximate, 130 

vitamins, 1 30 

loss of vitamins, during processing, 129 

nutritive value, 45, 320 

processing, 315 

use in feeding pig, 345 

use in feeding poultry, 368 

utilization, 315 

Fish stocks, better knowledge, use of, 29 
Fishy flavour 

animal flesh, in, 47 
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Fishy flavour continued 

eggs, in, 47 
Flat fish 

npn-myosin content, 225 

vitamin B-complex, content of, 127 
Flounder, vitamin B-complex content, 134 
Folic acid, see Vitamin B-complcx 
Food additives, permitted in the U.S.A., 1 14 
Food available for human consumption, 238 

calcium content of, 241 

calorie content of, 239 

protein content of, 240 

selected countries 

Argentina, 238 

Australia, 238 

Canada, 238 

Chile, 238 

Denmark, 238 

Egypt, 238 

Finland, 238 

France, 238 

India, 238 

Israel, 238 

Italy, 238, 246 

Japan, 238 

New Zealand, 238 

Norway, 238 

Oceania, 238 

- South Africa, 238 

Turkey, 238 

U.S.A., 238 

Food balance sheets, 238, 246 

food consumption, 24, 237, 243 
animal protein, world distribution of, 24 
average quantities in selected countries, 

243 

calories, world distribution of, 24, 25 
cereal, in selected countries, 25 
proteins, in selected countries, 25 

Food, irradiated, nutritive value, 214, 216, 
217 

Food irradiation, see Irradiating, food 

Formol, fishery products, in, 78, 79 

Freeze-drying, fish, possibilities, 35, 37 

Freshwater fishes, vitamin B-complex 
content, 134 

Frigate mackerel (Auxis tapeinosoma) 
npn-myosin content, 225 
vitamin B-complex content, 135 

Fucosterol, effect on plasma or liver 
cholesterol of rats, 294 

Funasushi, 188 
bacterial flora, of, 189 
changes during ripening, 1 88 



Glycine 

cereals, in, 45 

fish meal, in, 45 

meat scrap, in, 45 

milo, in, 45 

oil seed meals, in, 45 

tankage, in, 45 
Glycogen in fish 

effect on spoilage, 84 

minerals content, 131 
Great Lake whitefish (Coregonus clupi- 

fornris), vitamin B-complex content, 134 
Grouper (Epinephelus mono), vitamin B- 

complex content, 137 
Gurnard (Trig la gurnardus) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 



Haddock (Gadus aeglefinus) 
cholesterol, 90 
lipids, 90 
sphingolipids, 89 



Haddock (Gadus aeglefinus) continued 

tropomyosin, composition of, 74 

vitamin B-complex content, 1 35 
Hairtail (Trichiurus spp.), vitamin B- 

complex content, 136 
Hake (Merluccius merluccius) 

lipid hydrolysis, during frozen storage, 
107 

nutritive value, 259 

total phospholipids, 90 
Halibut (Hippoghssus hippoghssus) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 

vitamin B-complex content, 1 34 
Herring (Clupea spp.) 

non-myosin content, 225 

phospholipids of, 89 

total phospholipids, 90 
Herring, Atlantic (Clupea harengus), vita- 
min B-complex content, 1 36 
Herring, Pacific (Clupea pallasii), vitamin 

B-complex content, 1 36 
Herring, Caspian, lipid hydrolysis, during 

salting, 106 
Herring, Caspian, salted, lipid hydrolysis, 

in storage, 106 
Herring, frozen, lipid hydrolysis, during 

storage, 107 

Herring meal, see Fish meal, herring 
Herring oil, see Lipids of herring 
Herring, salted, use in feeding cows, 326 
Histamine, tuna, in, 84 
Histidine 

fish, in, 40 

protein foods, in, 40 

tuna, in, 84 
Horse mackerel, vitamin B-complex content, 

127, 137 
Human intervention, aquatic systems, see 

Aquatic systems, human intervention 
Human requirements of protein, see 

Protein requirements 
Hydroperoxydes, decomposition products 

of, 113 
Hypercholcsteremia, see Cardiovascular 

diseases 



Ika-Shiokara 

bacterial spoilage, 184, 185 

physical properties, 185, 186 
Inositol, AW Vitamin B-complex 
Iron, requirements, recommended, 251 
Irradiated fish, see Fish, irradiated 
Irradiated food, see Food, irradiated 
Irradiating fish, 208 

amino acids, effect on, 212, 232 

antibiotics, in combination with, 208, 212 

antioxidants, in combination with, 208, 
212 

bacterial flora, effect on, 214 

blanching, effect on dose limits, 212 

froxen state, in, 212, 232 

lipids, effect on, 212, 232 

maximum dose for acceptability, 210, 232 

nutritive value, effect on, 207 

pasteurization, 208, 210 

proteins, effect on, 212 

sterilization doses, 209 

vitamins, effect on, 215, 216 
Irradiating, food 

digestibility, effect on, 216 

energy value, effect on, 216 
Irradiation, marine bacteria, effect on, 209 
Irradiation preservation of fish, see Ir- 
radiating, fish 
Isoleucine 

fish, in, 40 

protein foods, in, 40 



Jacks, vitamin B-complex content, 1 37 
John Dory (Zeusfaber) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 



Katsuobushi, 190 

changes during processing, 191 

manufacture, 190 
Katsuo-Shiokara, 182 

changes during storage, 1 82 
Konowata, 130 
Kusaya, 195 
Kwashiorkor, 239, 248 

etiology, 249 

incidence, 248 

pathology and clinical characteristics, 249 

prevention, 250 

prognosis in treated cases, 250 

treatment, 249 



Lamprey 

vitamin A content, 127 
Lecithin 

fish liver oil, in, 95 

salmon egg, in, 95 
Lemon Sole (Microstomm kitt) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 

vitamin B-complex content, 134 
Leucine 

fish, in, 40 

protein foods, in, 40 
Ling (Molva molva) 

lipid hydrolysis, in frozen storage, 107 

total phospholipids, 90 

vitamin B-complex, 135, 137 
Ling Cod (Ophiodon elongatu\) 

lipid hydrolysis, in fro/en storage, 107 

total phospholipids, 90 

vitamin B-complcx content, 135, 137 
Lipids 

cardiovascular diseases in relation to, 280 

chain length, effect on absorption, 280 

definition of, 86 

energy reserve, as, 88 

fatty acid composition, 286 
Lipids of blood scrum 

cholesterol content, 290 

cod liver oils, effect of, 290, 291 

composition, 289 

polyunsaturated fatty acid content, 290 

soybean oil, effect of, 290, 291 
Lipids of brain 

cattle, fatty acid composition, 288 

horse, fatty acid composition, 288 

whale, fatty acid composition, 288 
Lipids of eggs, fatty acid composition of, 287 
Lipids offish, 86, 112, 117, 146, 150, 277, 
282, 294 

analysis, 117 

animal feeding, use in, 50 

blood cholesterol, in relation to, 277, 
278, 282 

cardiovascular diseases, in relation to, 277 

carp (Cyprinus carpio), depot lipids, com- 
position of, 93 

castor-oil fish (Ruvettus pretiosus\ com- 
position, 93 

cholesterol, content, 90 

effect on blood cholesterol, 279 
composition, 41 
chromatography 

adsorption, 119 

gas, 122 

glass paper, 122 

paper, 121 
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Lip ids of fish continued 
chromatography continued 

partition, 120 

thin-layer, 122 
crystallization, 118 

differences in depot and non-depot 

lipids, 94 
differences in freshwater and marine 

special, 93 
distillation 

fractional, 1 1 7 

molecular, 1 1 8 
effect on pigs, 343, 344 

fatty acid composition, 288, 289 
flesh lipids 

composition, 91 
variations in, 92 

depot, composition, 93 

non-depot, composition, 93 
freezing, effect of, 101 

fresh fish, 87 
heat, effect of, 101 
hydrolysis 

dehydrated raw cod fillets, in, 104 

dehydration, effect of, 104 

effect of biological differences, 106 

frozen storage, in, 107 

microbial, 100 

processing, during, 100 

- protein denaturation, relation with, 

108 

salt, effect of, 105 
significance of, 108 

species differences, effect of, 106 
storage temperature, effect of, 102, 

103 
invertebrates, 98 

composition of, 99 
non-depot, distribution in tissue, 90 
nutritive value, 277, 294 
oxidation, 112 

mechanism of, 1 1 3 
phosphatides, fatty acid composition, 288 
phospholipids, 98 

hydrolysis, course of, 107 

pollan (Coregonus pollan), composition, 

93 
polyunsaturated fatty acids, 150 

blood cholesterol, effect on, 279 

configuration, 278 

content of, 286 

toxicity, 281 
rancid lipid 

nutritive value, 115 

toxicity of, 115 

unsaponifiablc fraction, effect of blood 

cholesterol, 279 
vertebrates 
-- - depot lipids, 87 
composition, 87 

- wax esters, 88 

flesh lipids, 87 

non-depot lipids, 88 

cerebrosides, 88 

phospholipids, 88 

Sphingolipids, 88 

sphingomyelin, 88 

sterols, 88 

visceral lipids, 94 

composition of, 95, 96 

depot lipids, 94 

non-depot, 95 

phospholipids, fatty acid composi- 
tion, 98 

triglycerides 

fatty acid composition, 96 

vitamin A content, 95 

wax esters, 94 

Lipids of fish liver, alkoxydiglycerides, 
fatty acid composition, 97 



Lipids of fish products, fatty acid composi- 
tion, 288, 289 

Lipids of haddock (Gadus aeglefinus\ 90 
non-depot, composition of, 93 

Lipids of herring, 89 
composition of, 91 

variations in, 92 
partition chromatography, 120 

Lipids of liver 

pig, fatty acid composition, 286 
salmon (sea), fatty acid composition, 286 
trout (freshwater), fatty acid composition, 
286 

Lipids of menhaden (Brevoortia tyrannus) 
composition of, 91, 93 
methyl esters, separation of, 1 23 
unsaturated fatty acids, 114 

Lipids of milk 

cow, fatty acid composition of, 287 
horse, fatty acid composition of, 287 
human, fatty acid composition of, 287 

Lipids of molluscs, composition of, 99 

Lipids of pig, fatty acid composition of, 
287 

Lipids of pilchard, composition of, 93 

Lipids of ruminants, fatty acid composition, 
287 

Lipids of salmon (Salmo salar), composi- 
tion, variations in, 92 

Lipids of sprat (Sardina oscillata), compo- 
sition of, 93 

Lipids of trout, 92, 93 
aldehydes from Plasmalagen, 94 
composition of, 93 

variations in, 92 

Lipids of tuna (Thynnus orientalis), 89 
Lipids of vegetables, fatty acid composition, 

288 
Lipids of whales, fatty acid composition, 

288, 289 
Lobster (Hamaris spp.) 

nutritive value, 259 

vitamin B-complex content, 138 
Lysine 

cereals, in, 45 

degradation, 85 

fish, in, 40 

fish meal, in, 45 

meat scrap, in, 45 

milo, in, 45 

oilseed meals, in, 45 

protein foods, in, 40 

tankage, in, 45 
Lysine, free, changes, in, 63, 85 



Mackerel (Scomber scomber) 
chemical composition, 57 

mineral, 131 

vitamin B-complex, 127, 136 
Maigre (Sciaena spp.), B-vitamins, in, 137 
Maillard reaction, 157 

Mako (Isurus oxvrrhynchus), B-vitamins, 

in, 137 
Malnutrition, 237 

incidence of, 237 

protein, 246 

Malodorous compounds, ami no acid degra- 
dation products, 63, 65, 154 
Mam-Chao, 188 

Margarine, fatty acid composition of, 287 
Marine fish, muscle enzyme, 80 
Megrim (Lepidorhambus whiffiagonis) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 
Methionine 

cereals, in, 45 

fish, in, 40, 45 

fish meal, in, 45 



Methionine continued 

meat scrap, in, 45 

milo, in, 45 

oilseed meal, in, 45 

protein foods, in, 40 

tankage, in, 45 

Methiontne sulphoxide, fish, in, 233 
Minerals in fish, loss of during processing, 

131, also see Composition of fish 

minerals 

Molluscs, vitamin B-complex content, 138 
Mullets (Mugil spp.), vitamin B-complex 

content, 137 
Muscle metabolism, 71 
Myogen 

crystallization, 71 

rabbit, composition of, 74 
Myoglobin, crystallization, 71 
Myosin 

composition, 73 

lobster, 73 

ujtracentrifugation, 71 

viscosity, 71 
Mysis 

chemical composition, mineral, 131 

Niacin, see Vitamin B-complex 
Nicotinic acid, AW Vitamin B-complex 
Nucleotropomyosin 

crystallization, 71 

spectrophotometry, 71 
Nuoc-mam, 185, 187 

powder, 193 
Nursehound (Scy Ilium canicula) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 
Nutrition requirements, human, 237 
Nutritive values offish, 41, 153, 161, 180, 
201, 207, 257, 259, 263, 292, 294, 298 

biological value, 40 

canning, effect of, 153 

drying, effect of, 161 

fermenting, effect of, 180 

hypercholesteremia, in the control of, 292 

irradiation, effect of, 207 

obesity, in the control of, 292 

processing, effect of, 41, 161, 259 

protein, 201, 259, 263 

- effect of processing techniques, 259 

effect of solvent extraction, 201 
protein score, 261 
refrigeration, effect of, 153 
salting, effect of, 161 

smoking, effect of, 161 

Obesity, use of fish, in the control of, 292 

Ocean perch, see Red fish 

Oceans 

currents, 28 

important fishing grounds, 5 

natural regions, of, 12 

net primary production, 6, 7 

primary organic production, 6, 7 
Octopus (Octopus bimaculatus) 

nutritive value, 259 

vitamin B-complex, 138 
Oils, see Lipids 

Organic production, see Production 
Overfishing, 29 

Oxymyoglobin, spectrophotometry, 71 
Oyster (Ostrea spp. ; Crassostrea spp.) 

chemical composition 

mineral, 131 

vitamin B-complex, 1 38 

Pacific cod (Gadus macrocephalus), see Cod, 

Pacific 
Pantothenic acid, see Vitamin B-complex 
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Para-ami no bcnzoic acid, see Vitamin B- 

complex 

Pasteurization, shellfish, 222, 223 
Patexcp (Polybius Lenshwi Leach) meal, 

nutritive value, 259 
Pedah-Siam, 187 

Pcntpthenic acid, see Vitamin B-complex 
Peptidases, pig muscle, in, 81 
Peptides, chilled storage, effect of, 1 54 
Phenylalanine 

fish, in, 40 

protein foods, in, 40 
Phosphatides 

cod flesh, fatty acid composition of, 288 

egg yolk, fatty acid composition of, 288 

herring flesh, fatty acid composition of, 
288 

tuna, in, 88 
Phospholipids, 88 

cod, in, 90 

rainbow trout, in, 90 

salmon, sockeye, 90 
Pike (Esox Indus), vitamin B-complex 

content, 134 
Pilchard (Sardinops caerulea), vitamin B- 

complex content, 1 36 
Pisciculture, marine, 21 
Plaice 

myogen, 71 

vitamin B-complex content, 134 
Plasma lipids, effect of fish products, 284 
Plasmalogens 

aquatic invertebrates, in, 99 

tuna, in, 88 
Pollack (Gadus pollachius), vitamin B- 

complex content of, 1 35 
Polyunsaturatcd tatty acids 

atherosclerosis, in relation to, 290 

antioxidation of, 113 

blood cholesterol, in relation to, 278 

mechanism of depressing effect, 280 
consumption, effect of, 286 

lipids offish, in, 268 

metabolic relation with vitamin E, 281 
Pompanos (Pahmata media), B-vitamins, 

in, 137 

Pond fish, nutritive value, 257 
Ponds 

brackish water, 30 

productivity, 30 
freshwater, 30 

productivity, 30 

Pond Smelt, chemical composition, mineral, 

131 
Population(s), 1 1 

changes of, 1 1 

eumetric fishing, 20 

expansion of, 13 

fluctuation, 14 

integration, 15 

oscillation, 14 

reduction of, 17 

relative production efficiency, 16 

repression, 13 

Population, human, world, 24 
Porbeagle (Lamna cornubica), B-vitamins, 

in, 137 
Pork fish (Anisotremus interrupt us), B- 

vitamins, in, 137 

Post-mortem, changes in muscle, 85 
Prawns, deep sea (Pandaluss borealis), 

B-vitamins, in, 138 
Pristane, shark liver oil, in, 94 
Processed fish, see Fish products 
Processing fish, loss of minerals, during, 1 31 
Production, 16 

organic, 6, 16 
Productivity 

brackish fish water areas, 29 

freshwater areas, 29, 30 



Pro-oxidants, 113 
Protein(s) 

cold-blooded vertebrates, 74 

consumption, 40 

crystallization, 71 

extraction, influence of fatty acids, on, 71 

lower vertebrates, 74 

mobility, 74 

sedimentation, 71 

spectrophptometry, 71 

ultracentrifugation, 71 

viscosity, 71 

warm-blooded vertebrates, 74 
Protein deficiency diseases, see Protein 

malnutrition 
Protein denaturation, lipid hydrolysis, 

relation with, 108 
Protein in fish muscles, 68; also see Fish 

proteins 
Protein malnutrition, 40 

kwashiorkor, see Kwashiorkor 

marasmus, 248 

mchlnahrschaden, 248 
Protein requirements 

essential amino acids, 25 1 

quality, 251 

quantity, 251 

recommended, 251 
Protein score, 254 

Proteolytic activity, spoilage, role in, 65, 85 
Proteolytic enzymes, action on tissue 

proteins, 62, 63, 65, 83 
Protoplasm, 16 

phptosynthesizing, 16 
Proximate composition offish, 55; see also 

Composition of fish proximate 
Pyridine, degradation, 85 
Pyridoxine, see Vitamin B-complex 



Rabbit, muscle proteins, amino acid com- 
position of, 75 

Rainbow trout (Salmo iridius) 
chemical composition 

lipids, cholesterol, 90 
- phospholipids, 90 

Rancidity, mechanism of, 113 

Rancid lipids, nutritive value, 115 

Ratfish (Chimaera monstrosa), liver oil, 

composition of, 97 
Raw fish, tolerance by animals, 48 
Rays (Raja spp.), Vitamin B-complex 

content, 137 
Red fish (Sebastus marinus), vitamin 

B-complex content, 137 
Red sea bream (Chrysophrys major), 

vitamin B-complex content, 137 
Red snapper (Tertianus blackfordii), vitamin 

B-complex content, 1 37 
Refrigerated seawater storage 

effect on nutrient components, 220 

whiting, 221 

effect on composition, 221 
Resource, aquatic, 1 1 

Rock bass (Paralabrax clathratus), vitamin 

B-complex content, 1 37 
Rockfish (Sebastodes spp.) 

proteinases, kidney, 83 

vitamin B-complex content, 137 
Riboflavin, see Vitamin B-complex 
Riboflavin in fish, see Composition of 

fish vitamins B-complex 
Rigor mortis, changes, associated with, 

63,85 



Saithc (Gadus virens) 
lipid hydrolysis, during frozen storage, 

107 
total phospholipids, 90 



Salmons 

Phosphatides, of, 88 

total phospholipids, 90 

visceral lipids, composition of, 96 

vitamin B-complex, content of, 134 
Salted and dried fish, toxicity of oil, 294 
Salting cod, lipid hydrolysis, during 

salting, 105 
Sardines, chemical composition, mineral, 

131 
Sardines, canned, biological value of 

proteins, 259 
Sardines, fresh, biological value of proteins, 

259 

Saury, chemical composition, minerals, 131 
Scallops (Pecten spp.), vitamin B-complex 

content, 138 
School shark (Galeorhin us aus trails Maclay), 

liver fat, composition of, 95 
Sea-trout (Salmo trutta L.), composition 

of, 76 

Selachyl alcohol, 97 
Shark, liver oil 

composition, 97 

Urea, fractionation of, 118 
Sharks, vitamin B-complex content, 137 
Shellfish 

chemical composition, vitamin B-com- 
plex, 132 

pasteurization, effect of, 223 
Shiokara, amino-nitrogen formation, 185 
Shrimps (Penaeus spp.) 

chemical composition, mineral, 131 

vitamin B-complex, 1 38 
nutritive value, 259 

Siscowet lake trout (Cristovomer namacnsh 
siscowet), chemical composition, 57 

Skates (Raja spp.) 
lipid hydrolysis, during frozen storage, 

107 

total phospholipids, 90 
vitamin B-complex content, 1 37 

Skipjack tuna (Katsuwonus pelamis) 
chemical composition, 57 
minerals, 131 

vitamin A, 127 

- vitamin B-complex content of, 127, 136 

non-mypsin content, 225 
Soybean oil 

blood serum lipids, effect on, 291 

unsaturated fatty acids, 1 14 
Sphingolipids, 88 

aquatic invertebrates, in, 99 
Sphingomyelin, 88 
Spoilage of fish 

changes in composition, 85 

factors responsible for, 65 
Sponge, lipids, composition of, 99 
Squalenc, 88 

shark liver oil, in, 94 
Squid, nutrition value, 259 
Sprat, see Bristling 
Starry flounder, vitamin B-complex content 

of, 127 

Sterile muscle, keeping quality, 85 
Sterols, 88 
Sucker (Catostomis cotnmersonii), vitamin 

B-complex content, 1 34 
Swordfish (Xiphias gladius), vitamin B- 

complex content, 136 
Synergists, 114 



Thiamine, see Vitamin B-complex 
Thiamine content of fish, see Composition 

of fish vitamins B-complex 
Thiaminase, fish, in, 84, 138 
Threonine 

fish, in, 40 

protein foods, in, 40 
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Total phospholipids offish flesh, 90 

Trace elements in fish, see Composition of 

fish-minerals 

Tropomyosin, composition, 74 
Trouts (Salmo spp.; Salvelinus spp.), 

vitamin B-complex content, 1 34 
Tryptophan 

cereals, in, 45 

fish, in, 40 

fish meal, in, 45 

meat scrap, in, 45 

milo, in, 45 

oilseed meal, in, 45 

protein foods, in, 40 

tankage, in, 45 

Tsukudani, mineral content, 131 
Tunas 

lipids, 89, 146 

myoglobin, 71, 85 

nucleotropomyosin, 71 

oxymyoglobin, 71 

phosphatides, 88 

vitamin B-complex, 136 
Tuna, canned, vitamin B-complex, loss in 

storage, 128 
Tyrosine 

fish, in, 40 

protein foods, in, 40 

Unsaturated fatty acids, paper chomato- 

graphy, 122 
Unsaturated fatty acids in fish, see Lipids of 

fish 

Valine 
fish, in, 40 
protein foods, in, 40 



Vistula salmon, composition of, 76 
Vitamin(s), requirements, recommended, 

251 
Vitamin A 

blood cholesterol, effect on, 279 

irradiation, effect of, 215 

toxicity of high doses, 279 
Vitamin assay 

B-complex, fish in, 133 

sampling, 133 
Vitamin B-complex, 84, 127, 128, 132, 134, 

135, 136, 137.138,141,245,326 
Vitamin B 6 , see Vitamin B-complex 
Vitamin B J2 

effect on reproduction, 275 

spoiling fish, in, 193 

Vitamins in fish, 125, 132, 141; see also 

Composition of fish vitamins 
freshwater fish, 1 34 
heat treatment, effect of, 128, 157 
loss due to boiling, 128 
loss due to drying, 128 
loss due to processing, 1 28 
loss due to salting, 129 
loss due to smoking, 129 
loss during preparation of fermented 

products, 129 

loss during preparation of fish meal, 129 
loss during preparation of fish sausage, 

129 
loss during preparation of fish solubles, 

129 
loss in preparation of fish-jelly products, 

129 
vitamin A, 127 

visceral oil, in, 95 

vitamin B-complex, 127, 132, 138 

loss in canning tuna, 128 



Waxes, fish visceral oil, in, 95 
Wax esters, 88 

fish liver, in, 97 

fish visceral, in, 97 

globefish ovary, in, 97 

grey mullet ovary, in, 97 
Whale meal 

composition, 325 

digestibility, 325 

use in ruminant nutrition 

- dairy cow feeding, 325 

desirability, 330 

Whale products, use in feeding pig, 348 
Whiting (Merluccius bilinearis), composition 

221 
Witch (Glyptocephalus cynoglossus) 

lipid hydrolysis, during frozen storage, 
107 

total phospholipids, 90 
Wolf-fish (Anarrhichas lupus), vitamin 

B-complex content, 1 37 



Yellow perch (Perca flavescens), vitamin 

B-complex content, 1 34 
Yellow Pike (Stizostedion virum v/Yrwm), 

vitamin B-complex content, 1 34 
Yellowfin Tuna (Neothunnus macropterus 

composition, 

mineral, 1 3 1 

vitamin B-complex, 127 
Yellowtales (Seriola spp.), vitamin B- 

complex content, 1 37 



Zamene, shark liver oil, in, 94 
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FAO FISHERIES 



PUBLICATIONS 



Amongst the many papers, reports and publications issued by the Food and Agriculture Organiza- 
tion of the United Nations are the following specific volumes of special interest to biologists and 
administrators. 

A full catalogue of all publications is issued as well as a quarterly list of new additions. Enquiries 
for copies or additional information about fisheries should be addressed to: Fisheries Division, FAO, 
viale delle Terme di Caracalla, Rome, Italy. 



YEARBOOK OF FISHERY STATISTICS. Vol. XI (Production), published 1960. $4.00 (20s.); 
Vol. Xll, 1960 (Production and Fishing Craft), published 1961, $4.00 (20s.); Vols. XIII, 1960-61 
(International Trade) and XIV, 1961 (Production) in preparation. Trilingual. 

WORLD FISHERIES ABSTRACTS. Quarterly. Appears in English, French and Spanish editions. 
Annual subscription $4.00 (20s.). Single issue $1.25 (6s. 3d.). 

FISH, THE GREAT POTENTIAL FOOD SUPPLY. World Food Problem No. 3, 1960, $0.50 
(2s. 6d.). Also available in French and Spanish. 

MULTILINGUAL VOCABULARY AND NOTATION FOR FISHERY DYNAMICS. 1960, $0.50 
(2s. 6d.). 

TRILINGUAL DICTIONARY OF FISHERIES TECHNOLOGICAL TERMSCURING. 1960, 
$1.00 (5s.). 

COSTS AND EARNINGS IN PRIMARY FISHING ENTERPRISES. FAO Fisheries Study No. 10, 
1961, $0.75 (3s. 9d.). Also available in French and Spanish. 

FINANCIAL ASSISTANCE POLICIES AND ADMINISTRATION FOR FISHERY INDUSTRIES. 

In preparation. 



For address regarding the above volumes see introductory paragraphs above 
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VALIABLE BOOKS PUBLISHED 

FISHING NEWS (BOOKS) LTD 

Ludgate House, 110, Fleet Street, London, E.C.4, England 



FISHING BOATS OF THE WORLD. Record of papers and discussions, with supplementary matter, 
given to 1953 FAO Congress on Fishing Boats held in Paris and Miami. Edited by Jan-Olof 
Traung. 608 pages. Fully illustrated. Reprinted, but now out of print. 

MODERN FISHING GEAR OF THE WORLD. Papers and discussions of 1957 FAO Congress on 
Fishing Gear, Hamburg. Edited by Hilmar Kristjonsson. 650 pages. 900 illustrations, diagrams 
and tables. Reprinted. 5 8s. 6d. posted, $15.50. 

FISHING BOATS OF THE WORLD: 2. Papers, discussions, and much supplementary matter, 
arising from the FAO Congress on Fishing Boat Design, held at Rome, 1959. Edited by Jan- 
Olof Traung. Total of 830 pages with over 600,000 words, 1,000 diagrams, illustrations and 
tables. A monumental work. 7 12s. posted, $22.50. 

FISH IN NUTRITION. Contributed papers and discussions at FAO Congress on Fish in Nutrition, 
held Washington, D.C., 1961. Edited Eirik Heen and Rudolph Kreuzer, some 70 important 
papers and summaries, discussions, etc., on nutritional importance offish in all forms for humans 
and stock. Congress was attended by 300 world's leading scientists in nutrition. 6 1 Is. posted, SI 9. 

ATLANTIC OCEAN FISHERIES. Edited Prof. Dr. Georg Borgstrom and Arthur J. Hcighway. 
Gives in one cover complete review physical characteristics, biology, etc.. North and South 
Atlantic with fishing practices of all nations operating therein from adjacent territories. 325,000 
words. Amply illustrated. 3 10s. posted, $10. 

HOW TO MAKE AND SET NETS, by John Garner, former Gear Technologist FAO. Specially 
designed to help fishermen and manufacturers use net making machinery to advantage in respect 
of all standard nets. Illustrated with clear designs throughout. Particularly useful for instructors. 
1 12s. posted, $5. 

FISHERIES HYDROGRAPHY, by Ilmo Hela and Taivo Laevastu. Simply and clearly written as 
textbook for students and guide to practical fishermen to show how knowledge of oceanography 
and meteorology can and docs help the practical fishermen catch more fish more easily. Highly 
commended by Dr. D. B. Finn, Director Fisheries Division, FAO, in a foreword. 2 17s. 6d. 
posted, $8.25. 

FISHING NEWS DIRECTORY AND DIARY (annual). This lists fishing vessels, operators in all 
fields of catching and processing and merchants, domestic and export, in the United Kingdom. 
Profusely illustrates new vessels and describes new gear and equipment. Most useful for inter- 
national trade and practical skippers and operators. 1 2s. 6d. posted, $3.25. 

FISHING NEWS INTERNATIONAL (quarterly). Handsomely produced quality journal linking the 
scientist and advanced operator with all practical activities in every phase of fishing catching, 
processing and merchandising. Four issues 1 10s. posted, $4.75. 



In addition, Fishing News (Books) Ltd. operates a mail order book shop for books on 
fishing issued by other publishers. Write to address at head of page for revised list of 

books available. 
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